


This  document i s  a compilation of wind tunnel  t e s t  information and 

da ta  c o l l e c t e d  a t  NASA f a c i l i t i e s  and submitted i n  f u l f i l l m e n t  of 

SADSAC dry  run requirements.  

The primary purpose of t h i s  document i s  t o  demonstrate j o i n t  capa- 

b i l i t y  of t h e  Space S h u t t l e  Data Management System and the  NASA f a c i l i t y  

t o  convert  wind tunnel  t e s t  da t a  i n t o  a da ta  r e p o r t  us ing  the  SADSAC 

Computer System. The SADSAC program used i n  t h i s  demonstration i s  t h e  . 

Phase B Version I (dry run) system which i s  t h e  i n i t i a l  Phase B program 

conf igura t ion .  The c a p a b i l i t y  of t h i s  ve r s ion  i s  d e l i b e r a t e l y  r e s t r i c t e d  

a s  i t s  purpose i s  t o  demonstrate o v e r a l l  system through put c a p a b i l i t y .  

The Version I1 program i s  s l a t e d  f o r  f u l l  Phase B ope ra t iona l  c a p a b i l i t y .  

The reproduct ion  of p l o t s i s b y  an i n t e r i m  XEROX means us ing  a second- 

a r y  master .  Standard r e p o r t  reproduct ion  w i l l  be by an  o f f s e t  process 

using a d i r e c t  f i l m  image o f f s e t  master .  A l s o ,  standard pro.duction p l o t s  

w i l l  be p r i n t e d  back t o  back, thereby  reducing t h e  bulk of t h e  r e p o r t .  



REPORT NUMBER: DMS-DR-1003 

PUBLISHED: JULY, 1970 

S P A C E  S H U T T L E  

W I N D  T U N N E L  T E S T  

D A T A  R E P O R T  

TEST F A C I m Y :  NASA MSFC 14-INCH TRISONIC WIND TUNNEL: TEST NO. 453 

CONFIGURATION: MMC PHASE A SPACE SHUTTLE MODIFIED ORBITER 

MODEL SCALE: 0.0038 

TEST PURPOSE: INVESTIGATION OF STABILITY CHARACTERISTICS 

AND CONTROL EFFECTIVENESS 

MACH NUMBER RANGE: 0.4 T O  4.95 

TESTS CONDUCTED BY: 

MARTIN MARIETTA CORPORATION, DENVER, COLORADO 

TEST CONDUCTOR(S) DAIX SARVER 

TEST DATE: MARCH 1970 

(This report has been prepared  by Chrys le r  Corporation Space Division, under  a 
Data Management Contract to NASA. Chrys le r  a,ssuMes no responsibil i ty for the  
data presented herein other than its display charac te r i s t ics .  ) 



TABLE OF CONTENTS 

PAGE 

List of Figures 

Abstract 

Test Conditions 

Data Reduction 

Configurations Investigated 

Data Set Collations 

Test Facility Description 

Nomenclature 

Test Results 

Figures 

Data Dispiay Index 

Data 

iii 

1 

2 

3 

4 

11 

13 

14 

19 

20 

26 

29 

ii 



LIST OF FISURES 

TITLE - PAGE - 
1. Axis systems, showing d i r e c t i o n  and sense of f o r c e  2 1  

and moment c o e f f i c i e n t s ,  ang le  of a t t a c k ,  and 
s i d e s l i p  angle .  

2. Modified Orb i t e r  Conf igura t ion  (B2W2TlElRl) 2 2  

3. Model Component Sketch (B2). 23 

4 .  Model Component Sketch (W2EL and TlR1)  24 

5. Photograph of Modified O r b i t e r  Configurat ion 
(BZW2TlElR1) 

25  

iii 



ABSTRACT 

A 0.0038 s c a l e  model of t h e  Martin Mar i e t t a  Corporation 

Phase A Space S h u t t l e  Modified Obr i t e r  was t e s t e d  i n  t h e  NASA 

MSFC 14-inch t r i s o n i c  wind tunnel  during'March 1970. This  fo rce  

and moment t e s t  was conducted t o  determine t h e  e f f e c t  of increased  

camber on t h e  o r b i t e r  s t a b i l i t y  c h a r a c t e r i s t i c s .  The model was t e s t e d  

a t  a Mach number range .of 0.4 t o  4.95 a t  p i t c h  angles  of -4' t o  25' 

and a t  zero  s i d e s l i p .  The model was t e s t e d  wi th  the  elevons and 
0 0 

rudders  o f f ,  a t  elevon d e f l e c t i o n s  of 0 ,  -15 , and -30 , and a t  

zero  rudder d e f l e c t i o n s .  The purpose of t h i s  r e p o r t  i s  t o  present  

the test  da ta  f o r  t h i s  test .  
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TEST C O N D I T I O N S  

t 

CAPACITY : 

NF 
SF 
AF 
PM 
YM 
RM 

COMMENTS : 

. 
b .  

-gob. 

ACCURACY : 
COEFFICIENT 
TOLERANCE 
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DATA REDUCTION 

Balance six component f o r c e  and moment da t a  were reduced 

about  t he  body a x i s  with t h e  o r i g i n  a t  t h e  model moment r e fe rence  

p o i n t  loca ted  a s  descr ibed  on t h e  Data S e t  Descr ip tor  Sheet and 

Figure  2.  Forces and moments were converted t o  c o e f f i c i e n t  form 

by u s e  of t h e  model t o t s 1  planform a r e a ,  t o t a l  span, and t o t a l  

body length .  Base and balance chamber p re s su res  were reduced t o  

c o e f f i c i e n t  form and used t o  provide an ax ia l  f o r c e  c o e f f i c i e n t  

f o r  the model w i th  t h e  base and balance chamber pressures  a d j u s t -  

ed t o  t h e  f r e e  stream s t a t i c  pressure.  The t o t a l  a x i a l  f o r c e  

c o e f f i c i e n t s  (C,) were u t i l i z e d  t o  compute t h e  s t a b i l i t y  a x i s  

l i f  t - to-drag r a t i o  (C,) values .  
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CONFIGURATIONS INVESTIGATED 

NOMENCLATURE 

B2 

w2 

T 1  

R I  

E l  

Modified O r b i t e r  Body 

Modified O r b i t e r  Double Delta Wind 

V e r t i c a l  S t a b i l i z e r ,  Constant Taper, Constant 

Sweep, Dimensions Inc lude  Rudder 

Simple Hinged Xudder 

Constant Chord, Simple Hinged Elevon 

Refer t o  the  immediately fol lowing pages f o r  mode1,component dimensional 

da t a  

CONFIGURATIONS TESTED 

B2W2E1 

B2W2TlRl 

B2W2TlElRl 

F igures  2 ,  3 and 4 a r e  ske tches  of t h e  MMC Modified Orb i t e r  Configurat ion and 

Figure 5 i n  a photograph of t h e  model. Elevon and rudder d e f l e c t i o n  were 

obtained by us ing  in te rchangeable  model components. Bounday l a y e r  t r a n s i t i o n  

was i n i t i a t e d  by u t i l i z i n g  carborundum g r i t  s t r i p s  on t h e  model nose,  wing 
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and v e r t i c a l  t a i l  as follows: 

Thickness (inches) 

Location ( inches a f t  of Leading Edge) 

G r i t  S ize:  

Mach number = 0.4 t o  1 .2  

Mach number = 2.74 t a  3.48 

Mach number = 4.95 

V e r  t i  ca 1 - Nose Wing Tai 1 

0.030 0.125 0.060 

0.150 0.050 0.050 

2120 $1120 $1120 

# 80 $1120 $1120 

f 36 #120 $1120 

A l l  of t h e  above d i s t a n c e s  were measured prependicular  t o  the  su r face  lead ing  

edges. The o r b i t e r  model u t i l i z e d  i n  MSFC TWT 442 was modified and u t i l i z e d  

i n  MSFC TWT 453; the  modi f ica t ion  was the  a p p l i c a t i o n  of "DEVCOM" t o  the  

ex te rna l  su r f aces  t o  inc rease  t h e  model camber. S i x  component f o r c e  and 

moment da t a  were measured with t h e  NASA MSFC No. 226, 5 /8  inch diameter 

i n t e r n a l  s t r a i n  gage balance.  The balance chamber pressure was measured by 

u t i l i z i n g  a pressure  tube o r i f i c e  i n  the  model balance cav i ty .  The base 

pressure  was measuring by us ing  a pressure  tube o r i f i c e  i n  the  model base 

a r e a o  D i f f e r e n t i a l  p ressure  t ransducers ,  re fe renced  t o  t h e  f a c i l i t y  pressure  

r e fe rence  system, were u t i l i z e d  t o  measure t h e s e  pressures. 
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a 
MODEL COMPONENT: BODY - 

GENERAL DESCRIPTION: 

DRAWING NUMBER: 2. 

DIMENSIONS : 

Length 

Max. Width 

Max. Depth 

Fineness R a t i o  

Area 

Max. Cross-Sectional 

P 1 anf om 

Wetted 

Base 

FULL - S CAL E MODEL SCALE 
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. MODEL COMPONENT: 

GENERAL DESCRIPTION: 

DRAWING NUMBER: 

DIME N S I 0 NS :- FULL -SCALE MODEL SCALE 

TOTAL DATA 

Area 
P1 anform 
Wetted 

Span (equivalent) 
Aspect Ratio 
Rate o f  Taper 
Taper Rat i o 
D i  ehedral Angle, degrees 
Incidence Angle, degrees 
Aerodynamic Twi s t ,  degrees 
Toe-In Angle 
Cant Angle 
Sweep Back Angles, degrees 

Leading Edge 
Trail ing Edge 
0.25 Element Line 

Root (Wing Sta. 0.0) 
T i p ,  (equivalent) 
MAC, inches 
Fus. Sta.  o f  .25 MAC 
W.P. o f  .25 MAC 

Root 
Ti  p 

Chords : 

Airfoi l  Section 

EXPOSED DATA 

Area 
Span, (equi val en t )  
Aspect Ratio 
Taper Ra t i  o 
Chords 

Root 
T i p  
MAC 
Fus. Sta.  o f  ,25 MAC 
U.P. o f  .25 MAC 

h 
D 
0 

I 

1IL 

. 
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MODEL COMPONENT : 

GENERAL DESCRIPTION: 

DRAWING NUMBER: 

DIMENSIONS: 

TOTAL DATA 

Area 
P1 anform 
Wetted 

Span (equivalent) 
Aspect Rat io  
Rate of Taper 
Taper Ratio 
Diehedral Angle, degrees 
Incidence Angle, degrees 
Aerodynami c Twist, degrees 
Toe-In Angle 
Cant Angle 
Sweep Back Angles, degrees 

Leading Edge 
Trail ing Edge 
0.25 Element Line 

Root (Wing Sta. 0.0) 
T i p ,  (equi val en t ) 
MAC, inches 
Fus. Sta. o f  .25 MAC 
W.P. of .25 MAC 

Root 
Ti  p 

Chords : 

A i  rfoi 1 Section 

EXPOSED DATA 

Area 
Span, (equivalent) 
Aspect 'Ratio 
Taper Ra ti o 
Chords 

Root 
T i p  
MAC 
Fus. Sta. o f  .25 MAC 
M.P. o f  .25 MAC 

FULL-SCALE MODEL SCALE 
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MODEL COMPONENT: 

GENERAL DESCRIPTION: 

2 DRAW1 NG NUMBER : 

DIMENSIONS: FULL -SCALE 

Area 

Span (equivalent) 

Inb'd equivalent chord 

Outb'd equivalent chord 

Ratio Elevator chord/ 
tail chord 

At Inb'd equiv. chord 

At Outb'd equiv. chord 

Sweep Back Angles, degrees 

Leading Edge 

Tailing Edge 

Hinge1 ine 

274' ff.' 

Q 374 
A 2 3  

15 
22 

MODEL SCALE 

.570 m: 

a 3  

22 - 

Area Moment (Normal to hinge line) 
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MODEL COMPONENT : 

GENERAL D E S C R I P T I O N :  

DRAWING NUMBER: 

DIMENS IONS : 

Area 

Span (equival en t ) 

Inb'd  equivalent chord 

Outb'd equivalent chord 

Ratio Elevator chord/horizontal 
ta i l  chord 

A t  Inb'd equiv. chord 

A t  Outb'd equiv. chord 

Sweep Back Angles, degrees 

Leading Edge 

Tailing Edge 

Hinge1 ine 

Area Moment (Normal to hinge line) 

FULL - S C A L E  MODEL S C A L E  

35) .73s In1 
28 c t  1,277 .In* 

I 1  +e ,575 I M. 
la 4% S7sr n. 

--.-&?& 
.3  71 .3 71 

30 
30 
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TEST FACILITY DESCRIPTION 

The Marshall  Space Flight Center 14" x 14" Trisonic Wind Ttinncl is  
an  intermittent blowdown tunnel which operates by high p res su re  a i r  f lowing  
f rom storage to  either vacuum or  atmospheric conditions. 
range frorn . 2 to  5. 85 is covered by utilizi-ng two interchangeable tes t  sections.  
The transonic section permi ts  testing at Mach 0. 20 through 2. 50, and the super -  
sonic section permits  testing at Mach 2. 74 through 5. 85. 
. 2 and 
1. 3 is achieved through the use of plenum suction and .perforated w a l l s .  Mach 
numbers of 1.44, 1.93 and 2. 50 a r e  produced by interchangeable se t s  of fixed 
contour nozzle blocks. 
a r e  tilted and t ranslated automatically to  produce any desired Mach number in 
. 25 increments.  

A Mach number 

Mach niimhvrs between 
9 a r e  obtained by using a controllable diffuser. The range from . 95 to 

Above Mach 2. 50 a se t  of fixed contour nozzlc  b locks  

Air is supplied t o  a 6000 cubic foot storage tank a t  approximately -40°F 
dew point and 500 psi. 
driven by a 1500 hp motor.  

The compressor  is a three-s tage reclprocatinq unit 

The tunnel flow is established and controlled with a servo  actuated gate 
valve. 
and heat exchanger where the air tempera ture  can be controlled frorn ambient to 
approximately 180°F. 
the nozzle blocks and tes t  region. 

The controlled air flows through the valve diffuser into the stilling chamher  

The air then passes  through the tes t  section which coztiiins 

Downstream of the tes t  section is a hydraulically controlled pitch sec tor  
that provides a total  angle of attack range of 20° (+ 10" ). 
available far obtaining various maximum angles o fa t t ack  up to 25O. 

Sting offset:; a r e  

The diffuser section has  movable floor and ceiling panels which a r e  the 
p r imary  means of controlling the subsonic Mach numbers and permit  more  
efficient running supersonically. 
telescope into the subsonic diffuser to  allow easy  access  to  the mnrlcl and tes t  section. 

The sec tor  assembly and supersonic diffuser 

Tunnel flow is exhausted through an  acoustically damped tower to  a tmospherc 
o r  into the vacuum field of 42,000 cubic feet. 
b y  vacuum pumps dr iven by a total  of 500 hp. 

The vacuum t a & s  arc evacuated 

Data is recorded by a solid s ta te  digital data  acquisition system. 
data  is t r ans fe r r ed  to punched ca rds  during the run  to be reduced la te r  by a 
computer to  proper  coefficient form. 

The d ig i t a i  

The tunnel components and performance a r e  discussed i n  mort detail  in 
NASA TM X-53185, dated December 22, 1964, and NASA TM X-53113 ,  dated 
'August 20, 1964. 
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NOMENCLATURE 

SADSAC 
SYMBOL SYMBOL 

Ab 

a 

AR 

b 

C 

- 
C 

c. g. 

c. P. 

CA 

ASPECT 

REFB 

DEFINITION 

base area; m2, ft2, in2 

speed of sound; m/sec, ft/sec 

aspect 'ratio, b2/S 

wing span o r  reference span; m,  ft, in 

wing chord; m, f t ,  in  

wing mean aerodynamic chord or reference 
chord; m, ft ,  in 

center of gravity 

center of pressure 

CATOTL axial force coefficient, FA/q S,,f 

CABASE base axial force coefficient, [(pa- pb/q] 
(Ab &ef) 

CAFORE forebody axial force coefficient, CA - CAb 

CDTOT L drag force coefficient in the wind axis 
system, FD/q sref  

CD 

CL 

CR L 

drag force coefficient in the stability axis 
system, F;) /q sref 

lift force coefficient (stability or wing axis) 
F L / q  Sref 

rolling moment coefficient in body axis 
system, Mx/q S,,f b 

cs L rolling moment coefficient in the stability 
axis system, Mxl ,/q Sref b 

cw L rolling moment coefficient in the wind axis 
system, Mx, w/q Sref b 

14 



NOMENCLATURE (Continued) 

SADSAC 
SYMBOL DEFINITION SYMBOL 

CNM pitching moment coefficient in the body axis 
systems S,ef a ref 

Cm 

pitching moment coefficient in the stability axis 
system, Cm, = Cm 

CNM Cm, s 

Cm. W 
CWM 

CN CN normal force coefficient in the body axis system, 
F N / ~  Sref 

CYM yawing moment coefficient in the body axis 
system, M,/q Sref b 

Cn, s CWN yawing moment coefficient in the stability axis 
system, Cn, = Cn 

. 

yawing moment coefficient in the wind axis 
wstem, M,, w/q Sref b 

en,  w CWN 

pressure coefficient, (P - pm )/q cP CP 

CY side force coefficient (body or  stability axis 
system), Fy/s Sref 

axial force; N, lb 

drag force in wind axis system; N, lb 

drag force in the stability axis system; N, Ib 

lift force (stability o r  wind axis system); N, lb FL 

FN 

FY 

normal force; N, lb 

side force; N, lb  

reference length ; m, ft, in 11 ref 

I J D  

REFL 

LID 

MACH 

lift-to-drag ratio, CL/CD 

M Mach number 

15 



NOMEMC U T U R E  (Continued) 

SADSAC 
SYMBOL SYMBOL 

MRP 

M X  

DE FINIT ION 

MRP abbreviation for moment reference point 

rolling moment in the body axis system; 
N-m, ft-lb 

rolling moment in the stability axis system; 
N-m, ft-lb . 

Mx, w rolling moment in the wind axis system; 
N-m, ft-lb 

MY pitching moment in the body (or stability) 
axis system; N-m, ft-lb 

pitching moment in the wind axis system; 
N-m, ft-lb 

yawing moment in the body axis system; 
N-m, ft-lb' 

MZ,w yawing momeEt in the wind axis system; 
N-m, ft-lb 

static pressure; N/m2; psi P 

P 

q 

total preesure; N/m2; psi 

dynamic pressure; N/m2, psi, psf 

RN/L 

S 

Sref 

T 

V 

RN/L Reynold's number per unit length; million/ft. 

characteristic area; m2, ft2 

reference area; m2, f t2  REFS 

temperature; OK, OC, OR, OF 

speed of vehicle relative to  surrounding 
atmosphere; m/sec, f t jsec 

16 
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NOMENCLATURE (Continued) 

SYMBOL 

- 
V 

a 

B 

P 

0 

SADSAC 
SYMBOL 

A LPHA 

BETA 

DMDRL 

PHI 

PSI 

DEFINITION 

velocity of vehicle relative to surrounding 
atmosphere; m/sec, ft/sec 

angle of attack, angle between the projection 
of the wind Xw-axis on the body X, Z -plane 
and-the body X-axis; deg 

sideslip angle, angle between the wind XG-axis 
and the projection of this axis on the body 
X-Z -plane; deg 

ratio of specific heats 

wing dihedral angle; deg 

control surface deflection angle; deg 
positive deflections a re  : 

aileron - left aileron trailing edge down 
elevator - trailing edge down 
rudder - trailing edge to the left 
flap - trailing edge down 
tab - trailing edge down with respect 

to control surface 

air density; Kg /m3, slugs/ft3 

pitch angle, angle of rotation about the body 
Y-axis, positive when the positive Z-axis is 
rotated toward the positive X-axis; deg 

roll angle, angle of rotation about the body X- 
axis, positive when the positive Y-axis is 
rotated toward the positive Z-axis; deg 

yaw angle, angle of rotation about the body 
Z-axis, positive when the positive X-axis is 
rotated toward the positive Y-axis; deg 
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SUPS CRIPTS 

a 

b 

C 

e 

f 

1” 

S 

t 

W 

ref 

NOMENCLATURE (Continued) 

DE FINlT  ION 

aileron 

base 

canard 

e levator or e levon 

rudder or ruddervator 

stability axis system 

tail, or total conditions 

wind axis system 

reference conditions 

18 



TEST RESULTS 

Balance problems were encountered during TWT 4 5 3 .  The problems 

were cor rec ted  immediately a f t e r  their  discovery.  All tests conducted 

wi th  balance problems were re-run a f t e r  t h e  balance was repa i red .  The 

MSFC TWT da ta  a c q u i s i t i o n  system encountered an in so luab le  problem 

during TWT 4 5 3 .  This caused sporadic  bad data  po in t s ;  t hese  bad 

po in t s  were manually de l e t ed  frora t h e  da ta .  

Check loads  hung a t  t h e  end of t e s t  4 5 3  showed t h a t  a nega t ive  

normal f o r c e  load of 100 l b s  appl ied  3 . 3  inches a f t  of the  model nose 

caused model f o u l i n g  on t h e  balance chamber pressure  tube.  The p i t ch ing  

moment a s soc ia t ed  wi th  t h i s  loading was found t o  be of a l a r g e r  magni- 

tude than encountered during the  t e s t .  

Orb i t e r  model elevons were n o t  exac t ly  symmetric. The r ight  elevon 

d i d  not  f i t  a s  c lose ly  t o  the fuse l age  mold l i n e  a s  d i d  the  l e f t  elevon. 

The l e f t  elevon t r a i l i n g  edge extended s l i g h t l y  a f t  of the wing t r a i l i n g  

edge 
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DATA DISPLAY INDEX 

I. S i n g l e ,  Dependent Variable  VS. Angle of At tack  

Data S e t  Data Begins 
I d e n t i f i e r  On P l o t  Page 

R17021- 1 
517021 6 '  
R17022 8 
S17022 13 
R17023 15 
SI7023 20 
R17024 . 22 
SI7024 27 
R17025 29 
517025 39 
R17026 43 
517026 53 
R17027 57 
517027 62 
R17020 64 
517028 69 
R17029 7 1  

81 517029 
Data S e t  Dependent Var iab les  - CN,  CNM, CAFORE, CABASE, L/D R 

S Data Se t  Dependent Var iab les  - CL, CD 

11. Mult ip le ,  Dependent Variable  vs. Angle of Attack 

Data S e t  I d e n t i f i e r  
R17021 817022 817023 
S1702P Ti7022 T17023 - 
817024 B17025 817026 017028 817029 
117024 T17025 T17026 T17028 T17029 
C17n24 C17025 C17026 C17029 
U17024 U17025 U17026 U17029 
017025 017026 D17029 
V17025 V17026 V17029 
E17n24 E17025 E17026 €17029 
W17024 Hi7025 W17026 ~ 1 7 0 2 9  
F17024 F17025 F17026 F17027 F17029 
X17024 XI7025 X17026 XI7027 X17029 
617025 G17026 617028 617027 617029 
Y17025 Y17026 Y 17028 Y 17027 Y17029 
ti17024 ti17025 H17026 Hi7027 Hi7029 
217024 219025 217026 217027 217029 

Mach 
Number 

0.4 
0.4 
0.4 
0.4 
0.8 
0.3 
1 .o 
1 .o 
1.2 
1.2 
2.74 
2.74 
3.48 
3.48 
4.95 
4.95 

Data Set  Type Dependent Va r i a  b l e  s 
1) R, BY CY D ,  E ,  F, G, H CN,  CNM, CAFORE, CARASE, L/D 
2) s,  T,  u ,  v ,  w, x, Y, z CL,CD 

Data Begins 
On P l o t  Page 

85 
90 
92 
97 
99 

104 
106 
111 
113 
118 
120 
125 
127 
132 
134 
139 

27 



111. Sing le ,  Dependent Var iab le  Cross-Plo ts  

Data S e t  Data Begins 
I d e n t i f i e r  On P l o t  Page 

R17021 141 
S17021 142 * 

R17922 144 
517022 145 
R17023 147 
517023 148 
R17024 150 
517024 15 1 
R17025 15 3 
S17025 155 
R17026 15 9 
5171126 161 
R17027 165 
S17027 166 
R17020 168 
517028 169 
R17029 17 1 
S17029 173 

R Data Se t  Dependent Var iab les  - CN VS. CNM 
S Data Se t  Dependent Var iab les  - CD vs. CL, CNM vs. CL 

IV, Mul t ip l e ,  Dependent Var iab le  Cross-Plots  

Data S e t  I d e n t i f i e r  
R17021 017022 E17023 
S17021 T17022 T17023 
317024 817025 817026 617028 817029 
T17024 117025 T17026 717028 Tl7’029 
C17024 C17025 C17026 C17029 
U17024 Ul7025 U17026 U17029 
017n25 E17026 D17029 
V17025 V17026 V17029 
E17024 E17025 E17026 E17029 
~17024 W17025 W17026 k17029 
F 17024 F17025 f17026 F17027 F17029 
X17024 X17025 X17026 X17027 XI7029 
G17025 617026 617028 (317027 617029 
Y17025 Y 17026 Y17020 Yt.7027 Y17029 
H17024 H17025 H17026 h17027 ti17029 
217024 217025 217026 217027 267029 

Data Se t  Type Dependent Variables 

Mach 
Number 

0.4 
0.4 
0.4 
0.4 
0.8 
0.8 
1 .o 
1 .o 
1.2 
1 - 2  
2.74 
2.74 
3.48 
3.48 
4.95 
4.95 

Data Begins 
On P l o t  Page 

177 
178 
180 
181 
183 
184 
186 
187 
189 
196 
192 
193 
195 
196 
198 
199 

28  
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DATA 

c- 

Data p l a t s  a r e  presented With faired l i n e s  between data 9oints. 
However, where the independent variable was not a coritin-uousLy 
increasing fmct ion ,  o r  wnere the magnitudes o f  individl;al data 
points resulted i n  i r regular  fa i r ings,  s t r a igh t  l i nes  betwee- 
data points were substituted. 1% should also be Eoted tha t  l o r  
some subsonic t e s t  conditions both the  forebody a i a l  f o x e  20- 
ef f ic ien t ,  C A F C Z ,  and the  base axial force coefficient,  CABASZ, 
were negative. 



II 
Z 
0 
* a 
c z 
W 

W 

0 

ANGLE OF ATTACKS ALPHA DEGREES 
SYMBOi KACH f AkAMETkIC VALVES * . 0.336 BETA 0.055 ELEVON ‘5.550 

QFEEENCE FXLE. 

“MSFC 453 MMC MOD OR3 B2W2E1 DEL EO tR170213 

REFERENCE XNFORMATION 
REFS 0.116 SP.FT. 
REFL 0.646 FT. 
REF 6 0.455 Fl. 
XUkF 9.405 
YXkF 0.0m 
ZXkF 0.045 

02 JUL 70 PAGE 1 



’ANGLE OF ATTACK, ALPHA OEGREES 
SYMBOL UACH FAR AHE TR f C VALUES 

8 0,336 BETA 0.00!3 ELEVON 0.000 

RFELENCE FILE.  

HSFC 453 MMC MOD ORB B2V2E1 DEL EO 

REFERENCE INFORMATION 
REFS 0.116 4Q.FT 
REFL 0.646 FT. 

. REFB 0.405 F f .  
. XHkF 0.405 

YnkF 0.000 
Z M F  0.045 

CR170211 02 JUL 70 PAGE 2 



' W  
v, < 
< u 
6 z 
W 

u 
IJ. 
CL 
W 
0 
c1 
W u 
Q 
lL 

J < 
X < 
W 
v) < 

m 

W 

u 

U 

m 

STKBOL UACH FIRAHETRIC VALUES 
1 0.396 BETA 0.000 ELEYW 0.005 

REFERENCE FILE. 

HSFC 453 MMC MOO ORB 82W2E1 DEL EO 

REFEEEN CE INFORHA TI ON 
REFS 0.116 SQ.FT. 
EEFL 0.646 FT. 
REF0 0.4 05 FT.,  
XHkF 0.406 
Y'XEF 0.000 
ZHEF 0.445 

CR170211 02 J U L  70 PAGE 3 

e 



i CONTROL - EFFECT I VE - 

20 25 50 

ANGLE OF ATTACK, ALPHA DEGREES 
SYUBOL MACH FARAWETEIC VALUES REFERENCE INFORMA TIC% 
1 0.396 E T A  0.000 E L E V ~  0.000 REFS 0.116 SQ.FT. 

KEf L 0.646 FT. 
kLF5 0.405 FT. 
XWEF 0.406 
W R F  0.m0 
ZKEF 0.545 

C R I ~ O Z ~ I  a2 JUL 7 0  PAGE 4 
e F E R E N C E  FILE. 

HSFC 453 MMC MOD ORB 62W2E1 DEL EO 



W 

0 
Lt < u 
I- z 
W 
u 
Lr 
Lt 
W 
13 u 
W u er 
D 
tL 

J < 
X - <  
>- 
0 
€3 

W 
Qc 
0 
lL 

e 

H 

U 

X 

m 

ANGLE OF ATTACKI ALPHA DEGREES 
SYtlrREOL MACH FAkAHETrZ I C VALUES 

8 0.396 . BETA 0.005 ELEVON 0.005 

. CiEFECENCE F ILE.  

MSFC 453 MMC MOD ORB B2W2El'OEL EO 

25 30 

REFEEEN CE INFOZHI T I  ON 
REFS 0.116 Sa-FT. 
CEFL 0.646 F f .  
CEFB 0.405 FT. 
XURF 0.406 
YHRF 0.500 
ZHAF 0.045 

tR1702Il 02 JUL 70 PAGE 5 



ANGLE OF ATTACK, ALPHA DEGREES 
s r w a  UACH FAEAHETITIC VALUES 

0.336 E T A  0.000 ELEVCN 0.000 

REFERENCE FILE. 

HSFC 453 MMC MOD ORB 82W2E1 DEL EO 

REFERENCE INFOEHA T f  ON 
REFS 0.116 SQ.FT. 
QFL 0.6Z6 FT-  

. REF6 0.405 F4.  
XHkF 0.406 
YHRF 0.om 

..: ZHCF 0.045 

[SI70213 021JUL 70 PAGE 6 

.. 



MMC PHASE A 
. -  -.- 

0 
0 

c z 
W 

u 
Lr. 
ti. w a u 

I. 

U 

U 

)2 
CK 
0 
J < 
t 

P 

SYXSOL XACH 
* 0.396 E T A  

STS MfiDIFIED 'ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TWT 
I l l 1  I I I I  1 8 1 1  

0 S 1 

ANGLE OF ATTACK, ALPHA DEGREES 
FARAMETRX c VALUES EEFECENCE INFORHA TlON 

o.Iio0 ELEVct4 I). 090 kEF S 0.116 53.FT. 
RfFL 0.646 FT.  
EEFB- 0.4% F f .  
XURF 0.456 
YHRF 0.553 

kEFERENCE FILE. 

HSFC 453 MMC MOD ORB 82W2E1 0.EL EO 

ZHRF 0.045 

CSl70213 02 JUL 70 PAGE 7 

If. .. 



ANGLE OF ATTACK, ALPHA DEGREES 
5YHeoL HACH FAkAHETkIC VALUES 

8 0.557 BETA . 0,mo ELEVOI - 15.000 
z 0.737 

s o  1.193 
6 2.740 
I 4.960 

CrFEEENCE FILE. 

HSFC 453 MMC MOD ORB 82W2E1 DEL E-15 RO 

RE FEE EN CE IN FOR HA T I  ON 
REF§ 0.116 SQ.FT. 
REF1 0.646 FT. 
REF6 0.4 05 F T .  
XHkF 0.4 06 
YHRF 0 . 0 m  
ZUkF 0.045 

CR170221 02 JUL 70 PAGE 8 

ill. .. .. 



4 
MMC PHASE A STS MOJIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT NSFC TVT 

1.0 ' ' ' 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 . ' 

0.2 

0.1 

0.0 

-0.1 

-0.2 ' -  

6WWOL HACH 

ANGLE OF ATTACK, ALPHA DEGREES 
FARAHETIIC VALUES - ~. ~- * 0.397 BETA 0.055 ELEVCIJ - 15.005 

X 0,131 
e 1.199 
0 2.149 
I 4.960 

REFERENCE FILE. 

HSFC 453 MMC MOD ORB B2W2El DEL E-15 RO 

REFERENCE INFCRHATION 
REFS 0.116 SQ.FT.  
REFL 0.646 FT. 
REFB 0.4 05 FT. 
XURF 0 .C 06 
YUkF 0.900 
ZHRF 0.045 

iR170221 02 JUL 70 PAGE 9 



MMC PHASE A ST! 

ANGLE OF ATTACK, ALPHA DEGREES 
S7WBOL MACH PAkAHETkIC VALUES 
1 4.397 BETA O.Li!jio ELEVrn - 1 5 . 0 m  
X 4.731 
a t.193 
e 2.740 
I 4,460 

%FERENCE FILE. - 

REFtkENCE INFOGHA TI011 
REFS 0.116 SQ-FT .  
REFL 0.645 FT. 
REF6 0.4 55 F 1 . 
XHkF 0.406 
YHRF 0.050 
ZHRF 1.145 

'MSFC 453 MMC MOO ORB 82W2E1 DEL E-15 RO IR170221 02 JUL 70 PAGE 1 0  



6 -  

6 

12 
J 
U 

ANGLE OF ATTACKS ALPHA DEGREES 
REFERENCE INFORMATIQI srmaOL WACH FARAMETRIC VALUES * 0.597 BETA . 0.555 ELEVCN - 15.555 REFS 0.116 SQ.FT. 

0 3 .199  REF8 0.415 FT. 
e 2.740 XHkF 0.40§ 

a 0.797 SEFL 0.646 FT. 

= f  4.960 Y'HRF o.oo!J 
QFERENCE FILE. ZMRF 0.045 

MSFC 453 MMC HOD OR9 92V2EI DEL E-15 R Q  CRl70221 02 3UL 70 PAGE 1 1  



. 
.. 

7 

- .  

ANGLE OF ATTACK, ALPHA DEGREES 
.SVUSOL MACH FARAHETRIC VALUES 

8 Zi.397 E T A  0.050 ELEVCr( - 15.000 
I 0.797 
0 1.199 
e 2.740 
T 4.960 

kEFC6ENCE FILE. 

HSFC 453 MMC MOD ORB 82W2E1 DEL E-15 RO 

~ REFERENCE INFORMATION 
REFS 0.116 S Q . F T .  
REF L 11,646 FT. 
REF 8 0.405 1’1. 
XNIiF 0.206 
YURF 0.000 
ZMEF 0.045 

CR170221 02 JUL 7 0  PAGE 12 

.. . . -  
Si\!!. ...- 



ANGLE OF ATTACK, 
. SYM6OL XACH FARAME TR I C VALUES * 0.397 SETA 0.555 ELEVCiN * lf.vm 

X 0.737 
Q 1.199 
0 2,740 
v 4.960 

YFEEENCE FILE.  

HsFC 453 MMC MOD ORB B2W2E1 DEL E-15 80 

15 eo 25 10 

ALPHA DEGREES 
REFERENCE IHFORMATION 

REFS 0.116 . SQ.FT. 
kEFL 0.646 FT. 
REF6 0.465 F f .  
XXRF 0.4 66 
THkF I.OG6 
ZXkF 0.045 

CS170221 02 JUL 7 0  PAGE 13 



MMC PHASE A STS MCDIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TVT 
.so 

L ,. - 

.4f 

. .40 

.35 

.25 

.20 

.is 

.la 

- 
.a5 

"c. 
- 5  0 0 0 0 0 5 10 20 30 .VU -10 

ANGLE OF ATTACK. ALPHA O E G R E E S  
srnwx u c n  FARAHETkI C VILUES 

0.397 BETA 0,5511 ELEVW - 15.0011 
I 0,797 
0 1.199 
0 2.74 0 
Y 4.960 

RFEEENCE FILE. 

MSFC 453 MMC MCID ORB B2W2E1 DEL E-15 RO 

REFEEENCE INFOR'fAT1W 
rZEFS 0.116 SO.FT. 
&TI. 0.646 f T ,  
R F B  0.4 05 FT. 
XHRF 0.405 
YHEF 4.0011 
ZHCF 0.04s 

[SI70221 02 JUC 70 PAGE a4 

!?. 



L e 
Z 
W 

0 
W 

Y 

w a. 

ANGLE OF ATTACK. ALPHA DEGREES 
sYnsoL MACH . FAEAHETEIC VALUES * 0.395 E T A  0,055 ELEvCti - lS.OCi5 
s x  4 -960 

EEFEEENCE FILE. 

MSFC 453 MMC MOO GRB B2W2E1 DEL E-15.RO 

. .. 

CR170231 02 JUL 

REFEEEN CE I NFOEM A 7 I ON 
REFS 0.116 S Q . F T .  
EEFL 0.646 FT. 
REFB 0.405 FT. 
XWRF 0.496 
YMEF 0.GOIi 
TURF 0,545 

70 PAGE 15 



a 

ANGLE OF ATTACKS ALPHA DEGREES 
WWOL WACH PARAMETRIC VALUES * 0.195 BETA 0.055 ELEVON - 15.059 

1 4.969 

REFERENCE FILE.  . 

WSFC 453 MMC MOD ORB B2W2EI DEL E-15 RO 

REFERENCE INFORHA TI ON 
REFS 0.116 SP.FT .  
R E F L  0.€46 FT. 
R E F 6  0.403 F T .  
XWkF 0.406 
YWILF 0.000 
ZWRF 0.I145 

CR170231 02 JUL 70 PAGE 16 



MMC PHASE A STS MOr3IFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TWT 

.as 

.w 

SYMBOL MACH 
* 0.395 BETA 
I 1 .S60 

- 

.oo 
. .  

- .01 

- 
0.02 

ANGLE OF ATTACKS ALPHA DEGREES 
FIkAWETkIC VALUES 

0.950 ELEVON - 15.005 

\ 

. . . 

REFERENCE F I E .  

. MSFC 453 MMC MOD ORB 82W2E1 DEL E - I 5  RO 

REFERENCE INFOZMA TI ON 
EEF 5 0.116 S B . F T .  
EEFL 0.646 FT. 
REFB 0.4G5 F f .  
XWkF 0.496 
YWFZF 0,090 
ZMlF . 0.945 

CR170231 02 JUL 70 PAGE 17 



ANGLE OF ATTACK, ALPHA OEGREES 
37HWOL XACH FAGAHETGIC VALUES 

8 0.195 BETA 0.005 ELEVON - t5.55r, 
1 -. 4.96!3 

EEFE~ENCE nu. 
MSFC 453 MMC MOD ORB B2W2E1 DEL E - 1 5  R O  

REFERENCC INFOZHATION 
REFS 0.113 SP.FT. 
fEFL , 0.646 FT. 
REF B a.405 f T .  
XHRF 0.406 
YHGF 0.000 
ZHRF 0.945 

C R 1 7 0 2 3 3  02 JUL 7 0  PAGE 18 

I 



MMC PHASE A STS MODIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT HSFC TWT 

ANGLE OF ATTACK, ALPHA DEGREES 

eFEEENCE FILE. 

MSFC 453 MHC MOD ORB B2W2E1 DEL E-15 RO 

REFERENCE INFOEMATION 
REFS 0 .126  SQ .FT. 
IEFL 0 . 6 4 6  FT. 

. REF6 0.455 FT. - XHRF 0.456 
YHRF 0.090 
ZHRF 0,1145 

CR17023) 02 YUL 70 PAGE 19 



. 

. 

J 
0 

t- z 
W 
u 
LL 
LL 
w 
0 u 
k 
LL 

J 

- a  

- 
W 

c. 

MMC.PHASE A STS NOOIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TWT 

ANGLE OF ATTACK, ALPHA DEGREES 
SYHGOL HACH FARAHETkIC VALUES 

* 0.395 BETA 0.000 ELEVON - 15.050 
' I  4.960 

IZFEEENCE FILE. 

HSFC 453 MFiC MOO OR8 82W2E1 DEL E - I 5  R6 

REFERENCE It4FOIZMATION 
REFS 0.116 SP.FT. 
REFL 0.645 FT. 
REF0 0.405 F T .  
XHkF 0.406 
fHkF 0 .  r,D0 
ZWRF 0.045 

CS170231 02 J U L  70 PAGE 20 



TER 
-F1- 

CONT 
7-7- 

ANGLE OF ATTACK. ALPHA DEGREES 
MACH FARAME 76 I C  VALUES 
0.335 BETA 0.955 ELEVON - 15.05'3 
4.960 

REFERENCE FILE.  

PISFC 453 MMC MOO ORB B2W2E1 DEL E-15 RO CS17 023) 

. REFERENCE INFOkMATION 
REFS 0.116 se .FT * 
REFL 9.645 FT. 
REFS . 0.4'33 FT. 
XURF 0.406 
YURF 0.000 
ZWRF 0.04s 

.02 JUL 70 .. . PAGE 21 



SYWOL MACH FARAHE l k  I C VALUES 
a 0.398 E T A  0.5m RUCCER 

0 1.199 
a 0.797 

e 2.740 
I 1.960 

eFERENCE FILE. 

MSFC 453 HMC MOD ORB 62hf2T1R1 

0.Z)oIj 

OEL RO 

REFERENCE INFORMATION 
REFS 0.116 SP.FT.  
REFL 0.646 Fl. 
REFB 0.4 05 PI. 
XUkP 0.4 a6 
YHRF 0.050 
ZHRF 0.045 

CR170241 02 JUL 70 PAGE 22 



MMC PHASE A ST! MOO I F  - 

ANGLE OF ATTACK, ALPHA DEGREES 
svnmCiL n m i  FARAHETEIC VALUES * 0,338 BETA 0,000 EUCCEf 0,000 

a 0.797 
0 1.199 

1 0  2.740 
1 ’ 4.960 

%FEfENC€ FILE. 

MSFC 453 MMC MOD ORB B2W2TlR1 DEL RD 

IS 

\ T  MSFC TWT 

--1--7-7 

20 es 30 

REFERENCE INFOEHATION 
REFS 0.116 S Q . F T .  
REFL 0.646 PT. 
REF8 0.4 05 FT.  
XHkF 0.416 . 
TURF C.010 
znw 0.045 

CR170241 02 JUL 7 0  PAGE 23 
_. 



MMC.PHASE A STS MODIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TVT 

ANGLE OF ATTACK' ALPHA DEGREES 
SrM@L MhCH F ~k AHE TR I c VALUE s 
s *  0.398 BETA 0.000 RUCCER 0.000 

X 0.197 
0 1.199 
0 2.140 
V 4.960 

EEFERENCE FILE. 

REFERENCE INFOfHATION 
REFS 0.216 SQ.FT. 
REFL 0.84s F 1. 
REFB 0.4 GS FT. 
XMEF 0.406 
YHEF 0.0GO 
ZWEF 0.045 

MSFC 453 MMC MOD ORB B2W2TIR1 DEL RO CR170241 02 JUL 70 PAGE 24 



ANGLE OF ATTACK, ALPHA DEGREES 
syneOL WACH FARAHETIIC VALVES 

0.398 BETA 0.055 EUCCEI o.I)05 
. I t  0.797 

0 S.199 
e 2.740 
v 4.960 

EEFEBENCE FILE.  

PISFC 453 MMC MOD O R 8  82WZTlRI DEL RO 

REFERENCE INFJRMA TION 
REFS 0.116 S B . F T .  
KEFL 0.646 FY. 
REFB 0.455 F I .  
XHIF 0.406 
YWkF 0.900 
ZHRF 0.545 

CR170241 02 JUL 70 PAGE 25 

I! 



MMC PHASE A STS MCiDIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TVT 

ANGLE OF hTTACKs ALPHA DEGREES 
SYXBOL u c n  FARAHETRI C VALUES 

& 0.396 BETA O.Or,r, RUCCES 0,OOrj 
x 9,797 
a 1.199 
0 2-74 0 
T 4.960 

REFERENCE FILE.  

-&FC 453 MMC MOD ORB B2W2TIR1 DEL RO 

REFEEEN CE INFORHA T ION 
REFS 0.116 SB.FT. 
REF L 0.646 FT.  
REF6 0.405 FT.  
xnRF 0.405 
YUliF O.li50 
ZMFiF 0.04s 

CR170241 02 JUL 70 PAGE 26 



. 

ANGLE OF 
STHSOL MACH FARAHETR I C VALUE 5 

0,438 BETA 0.0ii0 RGCCEi? 0.005 
X 0.797 

c7 2.74rJ 
I 1.96G 

A e  1.199 

EEFERENCE F I L E .  

ATTACKS ALPHA OEGREES 
-REFERENCE 1HFOEHdTION 

REFS 0.116 SQ.FT. 
MFL 0.646 F T .  
kEFB 0.4 55 Ff. 
X H l F  5.4 56 
YHRF O.ClOr, 
ZURF 0.045 

YSFC 453 MMC MOD ORB B2W2TlRl DEL RO CS170241 02 JUL 7 0  PAGE 27 

!!!- P .. 



MMC PHASE A STS MODIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TWT 

ANGLE OF ATTACK, ALPHA DEGREES 
dYnsoL H I C H  FARAHE TR I C VALUES 
I G.398 BETA 0.0Gr, RUOCER 0.000 
x 0.191 
0 1,199 
e 2.740 
V 4.960 

RFEkENCE FILE. 

MSFC 453 MMC MOO ORB 82VZTIRl DEL RO 

REFERENCE IHF06HATION 
REFS '0.116 S Q . F f .  
REFL 0.646 FT. 
REFB 0 A 95 F1. 
XElRF 9.4O6 
y n m  0.000 

0.045 . .  . ZnRP 

[SI70241 '02 JUC '7.0 PAGE 28 



MMC PHASE A STS MODIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT  MSFC TWT 

.Os0 

-035 

-030 

.025 

.020 

.010 

.ODs 

.OD0 

-.OD5 

-.010 

-.015 

-.020 

-.030 

-.lMO 

-.as- 

ANGLE OF ATTACK, ALPHA DEGREES 
- .  

SYHBOL mcn FARAHETPIC VALUES * 0.336 BETA a.555 ELEVW 
1 0.793 RUCCER 0.055 
0 0.396 
0 1,199 
r 2.745 
1 3.479 %FERENCE F X K .  

HSFC 453 MMC MOD CRB C2W2TlElR1 

REFERENCE fNFORHATfON 
REFS 0.116 SQ.FT. 
REFL 0.646 FT. 
REFS 0.4 55 FT. 
XHRF 0.4116 
WRF 0.115li 
ZHkF 0.045 

DEL EO RO tR1702Sl 02 JUL 70 PAGE 29 

IfI! 



ANGLE OF ATTACK, ALPHA DEGREES 
SYKBOL HACH FAkAHETEIC VALUES * 4.960 E T A  0.%X ELEVWJ 0.000 

fUCCEE 0.050 

IXFECENCE F I L E .  

MSFC 453 MMC MOO ORB 82V2TIEIRl DEL EO RO 

25 SO 

REFERENCE INFOf%ATION 
REFS 0.116 3Q.FT. 
fEFL 0.646 F 1.  
EEFB 0.403 FT. 
XUPF 0.4 06 
YWEF 0.000 
ZWEF 0.045 

IR170251 02 JUL 70 PAGE 30 



MMC PHASE A STS M O W E D  ORBITER CONTROL EFFECTIVENESS TESTS 'AT MSFC T#T 

svnsa nAcn * 0.396 
X 0.798 
a 0.996 
0 1.199 
I 2.74 ?i 
X 3.479 

MSFC 453 

FAIZAHETf IC VALUES 
BETA 0.500 ELEVON 0.550 
EUOCEE 0.500 

kfFEkEHCE FILE. 

REFERENCE INFOEMATION 
REFS 0.116 SQ .FT. 
E E F L  0.646 F T .  
REFB 0.405 I T .  
XMkF 0.106 
YMfF 0.0013 
ZURF 0.045 

MMC MOO ORB B2W2TlElRl DEL EO R O  CR170251 02 JUL 70 PAGE 31 .. . 



ANGLE OF ATTACK, ALPHA DEGREES 
SYMBOL MACH F A ~ A W E T R  IC *VALUES * 4.363 BETA 0.000 ELEVON 0.005 

RUCCER 0.00P 

fEFERENCE FILE.  

HSFC 453 MlYC MOD ORB BZWZTlElRl DEL EO RO 

REFERENCE INFQl3iATION 
REFS 0.116 SQ .FT. 
EEFL 0.646 Ff .  
REFB 0.4115 F T .  
XMkF 0.496 
YHkF 0.0119 
LHRF 0.045 

(R170251 02 JUL 70 PAGE 32 

I' .. 



SYMsOL MACH PARAMETRIC VALUES 
* 4.196 BETA 0.000 ELEVON 
I: 0.798 RUCCEE 9.050 
0 0.996 
6 1.199 
v z.74El 
X 1.479 REFERENCE FILE. 

HSFC 453 MMC MOD ORB B 2 i J 2 T l E l R l  

ANGLE OF ATTACK, ALPHA DEGREES 

0.090 
REFEKENCE INFORMA TION 

REFS 0.116 S Q . f T .  
REFL 0.646 FT. 
REF8 0.4 15 FT 
XXkF 0.416 
YHkF 0,2110 
ZUBF 0.145 

DEL E0 RO CR170251 02 JUL 70 PAGE 33 



MMC PHASE A STS MODIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TVT 

ANGLE OF ATTACKS ALPHA DEGREES 
SY'XBOL MACH FAkAMETt'.IC VALUES 

8 4.968 E T A  0.900 ELEVON 0.000 
RUDDER 0.500 

Ir 

aFERENCE FILE.  

REFERENCE I NFOfiM A 1 I ON 
.. REFS 0.116 SQ.FT. 

REFL 0.646 FT. 
. REF8 0.405 F 1. 

XURF 0.4 06 
YURF 0.rJO0 
M E F  0.105 

MSFC 453 MMC HOD GRB BZYZTlElR1 DEL EO RO CR.170251 02 JUL 70 PAGE 34 

I 



0 0 Q . 5  10 

ANGLE OF ATTACK' ALPHA OEGREES 
P H s o L  XACH FARAMETE IC VALUES 

8 0.396 BETA O,Or,r, ELEVui O.OO0 
1 9.798 RUDCER 0,011 
0 0.936 
0 1.193 
1 2-74 0 
x 3,479 CiEFEfENCE FILE. 

HSFC 453 MMC Mi3D OGB 82M2TlElRI DEL EO R O  

15 20 25 SO 

REFERENCE INFORMATION 
REFS 0.116 S Q . F T .  
EEFL 0.646 FT. 
REF8 0.4 1 5  FT. 
XHRF 0.406 
YHEF 0.000 
ZHRF 0.04s 

CR1702Sl 02 JUL 70 PAGE 35 



ANGLE OF ATTACK, ALPHA DEGREES 
s r w w  u c n  FARAHETkIC VALUES 

- .* . 4.960 * BETA 0.055 ELEVON 0.555 
EUCCER 0.555 

REFERENCE FILE.  

cMSFC 453 MMC MOO ORB 8 2 W Z T l E l R 1  DEL EO RO 

REFERENCE INFOEHA T ION 
REFS 0.116 SQ.FT. 
REFL 0.64 6 FT. 
REF6 0.405 17 T . 
XHRF 0.4 16 
YHRF 0.0GO 
ZURF O.cJ4S 

C R 1 7 0 2 5 )  02 J l i L  70 PAGE 36 

i... flll' - 



ti 

W 
fY a 
LI < w 
* 
c 
z 
W 

V 

CL 
LL 
W 
(3 u 
W u 
fY 
0 
LL 

J < 
X < 
). 
0 
0 

W 
CY 
0 
LL 

w 

U 
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w 

m 

.or 

MMC PHASE A STS MG9IFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TVT 

- 

-06 

.Of 

.04 

.os 

srxsx)L KACH 

* 

ANGLE OF ATTACK’ ALPHA DEGREES 
EEFEEENCE INFORMATION FAIiAHETkI C VALUES 

-.01 

0.02 

- 
- 8  0.556 BETA ~ 0 . 5 0 0  ELEVON I).oo5 
1 0.79s RUCCEE 0.555 
0 0.936 
0 1.153 
I 2.140 

w x  3.479 RFEKENCE F I L E .  

’ .  

- - 
REFS . 0.116 Sd.FT. 
EEFL 0.646 FT,. 
REF8 0.405 FT.  
XHEF 0.4r36 
YHEF 0.050 
ZHEF 0.045 

MSFC 453 MMC MOD ORB B3W2TIElR1 DEL EO RO CR179251 02 JUL 70 PAGE 37 

f! 



ANGLE OF ATTACK. ALPHA DEGREES 
srnmL UACH FARAXETEIC VALVES 

I EUCCEE g.mo 
* 4.910 BETA 0.mo E E V m  0.000 

REFERENCE INFOEHATION 
REFS 0.116 SP.FT. 
REFL 0.646 F T .  
REF6 0.405 FT. 
XWkF . 0.406 
Y’WRF O.CiD0 
ZWRF 0.045 

HSFC 453 MMC MOD ORB 82W211ElR1 DEL EO RO CR170253 02 JUL 7 0  PAGE 38 



I 

'ANGLE OF ATTACK, ALPHA DEGREES 
SYHEOL MACH FARAHETRIC VALUES * 0,336 E T A  0.055 ELEVC& 0.000 

a 0,798 EUCCER 0.0m 
0 0.996 
0 1.199 
I 2.74 0 
I 3.479 iiEFCRENCE F I L E .  

MSFC 453 MMC MOD ORB B2W2TlElR1 DEL EO RO 

REFERENCE I N F O R H A  TION 
EEFS 0.116 SQ.FT. 
QFL 0.646 FT. 
EfFB 0.405 F?. 
XXkF 0.406 
YHRF 0.G00 
ZXkF 0.045 

CS170251 02 JUL 70 PAGE 39 



J . u  
L 

I- 
LL 

J 
U 

ANGLE OF ATTACK, ALPHA DEGREES 
s r m x  MACH FAIZAHETR IC VALUES EEFEkENCE XNFOEMATION * 1.960 BETA 0.000 ELEVOll 0.000 REFS 0.116 SB.FT. 

RUCCER 0.000 KEFL 0.646 FT. 
. REF6 0.4DS FT* 

XHRF 0.4 06 
7HkF 0 . l G O  

OFCRENCE FILE. ZHRF 0.045 

MSFC 453 MMC MOD ORB B2W2TIElRl DEL EO RO CS170251 02 JUL 70 PAGE 40 

e .. 



ANGLE OF ATTACK, 
SYHML nncn FARAHETRIC VALUE 5 * 0,336 BETA a.Gm E L E Y r n  0 .  PGG 
I 0.798 EUCCER O.Or,G 
0 0.996 
0 1.193 
1 2.740 
I 5.479 EEFERENCE FILE. 

MSFC 453 MMC PiOD ORB GZWZTlElRl DEL EO RO 

ALPHA DEGREES 
REFERENCE INFOEMATION 

WFS 0.116 SQ.FT. 
E f F L  0.646 FI. 
REF6 0 . 4 m  FT.  
XWRF 0.406 
YHRF 0.000 
ZWRF 0.045 

CS170251 02 JUL 70 PAGE 4 1  



EIMC PHASE A STS MCDIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TWT 

ANGLE OF ATTACK, ALPHA DEGREES 
S7Ui;OL WACH FAkAHETklC VALUES 

8 4.96'5 BETA 9.550 ELEVorr 0 .  050 
RUCCER 0.595 

REFERENCE FILE. 

HSFC 453 MMC MOO ORB 82W2TfEfRf DEL EO R O  

REFERENCE INFORHA TION 
REFS 0.116 SQ.FT. 
EEFL 0.646 FT. 
REF B 0.4 55 F I .  
xnw 0.456 
YURF 0.555 
ZHRF 0.545 

tS170251 02 J U L  70 PAGE 42 

Ill!- ..- 



ANGLE OF ATTACK, ALPHA DEGREES 
FARAKTRIC V R L E S  REF€ kENZE XNFOEll A T ION - Sr#= MACH 

0 0.548 E T A  0.000 ELEVmJ - 15.t00 riEf b O.li61 S9.FT. 
X G.797 RLCCEIZ 0 .  GG0 E F L  0.64 6 f T. 
a G.W E U 6  0.4 03 F T.  
0 1 .LL! XnfF 0.4 t 6  

x SA79  FEFEMNCE fXE. ZX ff 0.045 
Y 2 3 4 G  Ynff 0.DciO 

NSFC 453 M M C  MOD ORB BZW2TlElRl DEL E-15 RO CR170261 06 JUL 70 PAGE. 43 

. * .  

BI I .  



MMC PHASE A STS M V I F I E D  ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TWT 

ANGLE OF ATTACK' ALPHA DEGREES 
srueo~ nicn FARAHETRIC VALUES 

* 4.960 BETA Zi.059 ELCVCI4 - 15.595 
fUCCEf 0.555 

REFERENCE FILE. 

. kEfERcNcE INFORHATION 
REF 5 0.116 SQ.FT. 
kEFL 0.646 FT. 
REFB 0.455 F l .  
X R f F  0.406 
YWEF 0.505 
ZHkF 0.045 

CR170261 02 JUL 70 PAGE 44 ; 
1 

M$FC 453 MMC MOO ORB BZW2TlElR1 DEL E-15 RO 



z u 

t- z 
W 

u 
LL 
LL 
W 
0 u 
W 
0 
Qz 
13 

J 

r: 
0: 
Q z 

D 

U 

H 

* L L  

a 

. .. ANGLE OF ATTACK. ALPHA DEGREES 
L,cc' r 

SHEOL urcu FARAHETRIC VALES * 0.398 E T A  0.GGrj  ELEVON - 1f .GGD 
x 0.797 EUCCEE 0.GGD 
Q 0.997 
0 1.211 
Y t . 74G 
X 3.479 E F E E N C E  FILE. 

MSFC 453 MHC MOD ORB B2WZTlEIRI OEL E-IS RO 

REFERENCE INF06HATION . 
MF S 0.116 SQ.FT.  
13FL 0.646 Ff .  
M F B  0.4 [is F f .  
XHEF 0.4 G6 
fl RF 0.000 
f H E F  0.045 

CR17026.3 06 J U L  70 PAGE 45 



c z 
W 

a 
LL 
LL w 
0 
0 

M 

w 

t 

ANGLE OF ATTACK. ALPHA DEGREES 
SYKSOl. HACH FARAMETRIC VALLES REFERENCE INFORMATION 
t *  ( 3 6 0  BETA 9.0m ,ELEVOr4 - 1s.000 REFS 0.116 SQ.FT.  

RUCCER 0,000 REF L 0.646 FT. 
R E F 6  O . 4 C f  FT. 
XHkF 0.406 
YUkF O.GW3 

REFERENCE FILE. ZHfF 0.045 

HSFC 453 MMC MOD ORB B2W2TlElRl DEL E-15 RO CR170261 02 JUL 70 PAGE 46 

l!! . 



MMC PHASE A STS MUDIFiED ORBITER CONTROL EFFECTIVENESS TESTS A7 MSFC T U  

.1 

t- z 
W 

u 
LL 
LL 
W 
0 
0 
W u e 
0 
LL 

U 

U 

W 

' X  < 
w 
v, < m 

ANGLE OF ATTACK, ALPHA DEGREES 
s r n w  UACH FAFZAHETRIC VALUES * 0,398 BETA 0.055 ELEVON - 15.055 

X ,  0.797 RUCCER Q.PO5 
0 0.991 
0 a.211 

. I . '  2.740 
I 3.479 EEFEKENCE FILE. 

MSFC 453 MMC MOO ORB 62W2TlElR1 DEL E-15 RO 

REFERENCE INFOEHATION 
REF 5 0.1?6 5Q.FT. 
REF1 0.646 FT. 
REF8 0.4'15 PT. 
XHkF 0.406 
YMkF 9.0'10 
ZMkF 0.04s 

CR170261 02 JUL 70 PAGE 47 



MMC PHASE A STS M03IFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TWT 

ANGLE OF ATTACKS ALPHA DEGREES 
- SYM30L H I C U  PARAMETRIC VALUE 5 
- .  * 4.960 BETA 0.095 ELEVON - 1 5 , ~ o ~  . .  

kUCCEIi Q.005 

I .  

RfFE LENCE FILE. 

HSFC 453 MMC MOD ORB 82W2TlEIRl DEL E-15 RO 

REFERENCE INFORX A T I  ON 
REFS 0.116 SP.FT. 
kEFL 0.646 FT. 
REFB 0.455 FT. 
XHRF 0.406 
YHkF 0.GGO 
ZHRF 0.04s 

tR170261 02 JUL 70 PAGE 48 



ANGLE OF ATTACK, ALPHA DEGREES 
fAkAHEfFt fC VALUES Q E f E N C E  INFOEHATION * 9.338 BETA 0 . 0 ~ 0  ELEvai - is.0oo QFS 0.116 Sff .FT. 

1. 0.797 EUCCEIZ 0.005 EEFL G.646 FT. 
0 9,997 EEFE 0.405 FT. 
0 1.211 MBF 0.456 
v 2.74 0 WRF 0.Cm 
X 1.479 IEFEEENCE FILE. rnlcf 0.U5 

- 
HSFC 453 MMC MOD OGB B2W2TlElRl DEL E-I5 RO CR170261 02 JUL 70 PAGE 49 

.fir- ... 



MMC PHASE A STS MODIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC T U  

ANGLE OF ATTACK@ ALPHA DEGREES 
REFERENCE ~NFO~HITION StHeOL UACH F A R A H E T R I C  VALUES * 1.960 E T A  0,000 ELEVW - 1 5 . ~ 0 0  REFS 0.116 Sa.FT. . RUGGEE 0.000 EEFL 0.646 FT. 

REF6 0.4115 FT. 
XHRF 0.4% 
YHRF 0.01111 

QFERENCE FILE. ZHRF 0.1145 

MSFC 453 MMC MOD ORB B2W2TIElRI DEL E-15 R O  CR170261 ’ 02 JUL 70 PAGE 50 



ANGLE OF ATTACKS ALPHA DEGREES 
SWEOL HACH FARAHETGIC VALES * 0.598 BETA O.GGf ELEVad - 15.GOD 

X 0.797 RLICCES 0.GGO 
0 0.997 
0 1.211 
'I 2.74 G 
X 3.419 EFEMNCE FILE. 

HSFC 453 MMC MOD ORB B2W2TlElR1 DEL E-15 RO 

KEFEMSCE i N F O R H A T I O N  
E F S  0.116 SQ.FT. 
E F L  0.646 F T .  
kEFB 0.4 ti5 F T. 
XXBF 0.4 G6 
m BF . 0.000 
rnKlif 0.M5 

CR17026) 06 JUL 70 PAGE 51 



ANGLE OF ATTACK, ALPHA DEGREES 
SYHBOL MACH FARAHETklC VALUES * 4.960 BETA 0.ODO ELEVW - 15,555 

RUCCEf 0.000 

EEFERENCE F I L E .  

REFERENCE INFORMATION 
kEFS 0.116 SB.FT. 
f E f  L 0.646 FT.  
REF B 0.455 Ff. 
XURF 0.406 - VURf 0.050 
2HkP 0.045 

MSFC 453 MMC MOD ORB BZWZTIElR1 DEL E-15 RO CR170261 02 JUi 70 PAGE 52 



ANGLE OF ATTACK. ALPHA DEGREES 
REFERENCE INFORMATION SW6oL HACH FA~AXTRIC V A L E S  * 0.596 E T A  0.GGO ELEVON - 1 f . G O O  REFS 0.116 SQ.FP. 

L 0.797 EUCCEE 0.PGO E F L  0.64d FT.  
H 0 01997 E F 6  0.4 GS F T, 

0 : .2l1 XHRF 0.4 06 
I 2.740 YHRF O . f t O  
s 3.479 FEFEEHCE F ILE.  I ZHRF 0.04s 

MSFC 453 MMC MOD ORB B2W2TlElR1 DEL E-15 RO CS170261 06 JUL 70 PAGE 53 



J u 

ANGLE OF ATTACKS ALPHA DEGREES 
SWBoL WACH FARAHE TR I c VALUE s 

4,960 E Y A  0.005 ELEVW - lS.VJ5 
RUCCER 0.555 

EFEKENCE FILE. 

REFE kEN CE INFORM A 1 I ON 
REFS 0.116 SQ .FT. 
REFL - 0.6a6 FT.  . 
REFB 0.405 FT.  
XHkF 0.406 
YHCF 0.000 
ZHkF 0.045 

HSFC 453 MMC MOD ORB B2W2TlElRI DEL E-15 RO CS170261 02 JUL 70 PAGE 54 



1 MMC PHASE A STS MODIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC 

PARAHETEIC VALES 
f G.398 BETA 0.GGG ELEVW - 15.GG0 
X G.797 RUCCEC O.GGC 
ra 0.997 
0 1.2f 1 
'1 2.74G 
X 3.479 BFEfENCE FILE. 

.. . .  

MSFC 453 MMC MOD ORB B2'AZTlElRl  DEL E-15 RO CS17 0261 

TVT 

REFERENCE INFOEHA TION 
E F S  . 0.116 SQ.FT. 
E F L  0.64 6 i 7 .  
REF 6 0 -4 G5 FT. 
X X J P  0.406 
THEF O.GG0 
ZHRF O.M5 

06 JUL 70 PAGE 55 

. ANGLE OF ATTACK, ALPHA DEGREES 

E .. 



W 

c z w 
u 
LL 
LL 
W 

NE3 u 

U 

W 

ANGLE OF ATTACKS ALPHA OEGREES 
s r n m  UACH FARAHETRI C VALUES REFERENCE INFOPHATION - *  4.960 BETA 0,000 ELEVCN - 15.090 REFS 0.116 SQ.FT.  

PUCCEk zi.P00 EEFL 0.646 F f .  
REFB 0.405 FT. 
XHkF 0.156 
'IKEF 0.050 

REF.fEEN CE Ff LE. ZHRF 0.0:s w 
MSFC 453 MMC MOD CRB 92W2TlE lR1  DEL E-15 RO CS170261 02 JUL 7 0  PAGE 56 



ANGLE OF ATTACK, ALPHA D E G R E E S  
REFERENCE INFORHA T I ON SYHBOL MACH FARAHETRIC VALUE S . .  

2.745 E ? A  0.505 ELEVCM - 35.555 IZEFS 0.116 SQ.FT. 
x 3.419 RUCCEE 0.555 . .  EEFL 0.646 FT.  

- e  4.960 REFS 0.405 FT.  
xnw 0.406 
YURF 0.000 

EEFEEENCE FILE.  PMEF 0.545 

MSFC 453 MMC MOD ORB B2h'ZTlElRl  DEL E-30 RO CRl70271 02 JUi 70 P A G E  57 



ANGLE GF ATTACK, ALPHA DEGREES 
REFERENCE INFORHATION SYMBOL MACH PAAAHETR IC VALUES 

2.74G E T A  0.CiOO ELEVCtJ - 30.505 kEFS 0.116 SQ.FT. 
X 3.473 EUCCEC 0.050 EEFL 0.646 FJ. 
0 4.365 REF6 0.405 FT. 

XHRF 0.4 06 
YHlF 0.000 

lCEfEefNCE FILE. ZMlF 0.045 

MSFC 453 MMC MOD OR8 B2W2TIElRl DEL E-30 RO CR170271 92 JUL 70 PAGE 58 



W 
v) a m a u 

c- z 
W 

u 
LL 
Ir. 
W 
0 u 
W u oz 
Q 
LL 
J < 
x . <  
W 
v) 

* 

w 

w 

‘ U  

a m 

ANGLE OF ATTACK. ALPHA DEGREES 
S7r):SOl. XACH FARANETRI C VALUES 

2.740 E T A  0.000 ELEVON - 30.050 
1 3.473 RUCCER 1.005 
0 4.965 

-1 

30 

REFERENCE INFORMATION 
REFS 0.116 SQ.FT. 
REFL 0.646 FT. 
R E F 6  0.103 FT. 
XXRF 0.406 
YURF 0.000 
ZURF 0,045 

HSFC 453 MMC MOO OR2 82W2TlElRI DEL E-30 RO CR170271 02 JtiL 70 PAGE 59 



Q 
- e -  

lY 

w 

a 

c 
LL 
-J 
w 

ANGLE OF ATTACK, ALPHA DEGREES 
STHEOL HACH FAkAEETkIC VALUES 

8 2.740 €ETA 0.955 ELEVON - 39.905 
x 5.473 EUCCER 0,955 
0 4 -960 

eFEEEHCE PI LE. 

REFERENCE INFORHA TION 

kEFL 0.646 FT. 

xww 0.406 
7URF 0.000 
ZHRF 0.045 

%FS O.ll6 SP.FT. 

&FB 0.405 F.16 

MSFC 453 MMC MOO OR8 E2W2T1EIRl DEL E-30 RO CR170271 02 JUL 70 PAGE 60 



MNC PHASE A STS KDDIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSF& TVT 

AN&E OF ATTACKS ALPHA DEGREES 
JYHSOL MACH FAkAKTkXC VALUES * 2.740 X T A  0.059 ELEVcti - 35,505 

X 3.473 EUCCER 0.005 
e 4.960 

MSFC 453 MMC MOO ORB B2W2flEIR1 DEL E-30 RO 

EEFEREWCE IIiFORHATION 
kEFS D.116 S4.FT. 
REF L 0.646 F T .  
REF6 0.405 PT. 
XURF 0.405 
Y'HRF 0 , O t O  
ZRkF 0.045 

61 CR170271 02 JUL 70 PAGE 

. '  ! 



SKBOL 

e a  

MACH FAkAHETRIC VALUES 
2.740 BETA 0.005 ELEVON - 30.000 
3.473 EUCCEE I1.0D0 

e 4.96'1 - .  

HSFC 453 MMC MClO ORB B2WZTlESRS DEL E-30 RO cs170271 02 J U L  

REFERENCE INFORMA TlON 
REF 5 0.116 SQ.FT. 
PEFL 0.646 FT.  
REF6 0.405 F1. 
XURF 0.4'36 
YURF 0.000 
ZURF 0 . t45  

70 PAGE 62 

.. .. 

I .. 



. 
MMC PHASE A STS MODIFIED ORBITER C8NTROL EFFECTIVENESS JESTS AT KSFC T U ’  

ANGLE OF ATTACK, ALPHA DEGREES 
61MgOL MACH FAkAHETE I C VALUES 

8 2.743 E T A  0,655 ELEVCcl - 30.550 

0 4.960 
a 3.479 liUGCEE 0.555 

QFEEENCE FILE:. 

REFERENCE INFOEHA T I ON 
R E F S  . 0.11C SQ.FT. 
EEFL 0.646 F f .  
REF6 0.4 55 PT. 
XURF 0.406 
YXRF 0.0[15 
ZHRF 0.545 

HSFC 453 MMC MOD OR3 BZW2TlElR1 DEL E-30 RO CS!7027) 02 J U L  7 0  PAGE 63 



r: z u 
c z w 
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1L 
1L 
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0 u 
+ z w 
EI 
Q z 
c 3  z 
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0 c 
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U 

ANGLE OF ATTACK, ALPHA DEGREES 
SYHiiOt 

8 
X 

HACH 
0.538 
3.479 

FARAWE YE1 C VALUES 
e€ TA 0,0GG ELEVON - 1 5 . W J  
RUCCEf 0 .055  

EEFEEENCE FILE. 

REFERENCE INFOkFlAlION 
REFS . 0 .116  SQ-FT. 
EEFL 0.646 FT. 
EEFB 0.405 F f .  
XnkF 0.4116 
YUEF 0 .000  
ZNkF 0.045 

NSFC 453 MMC KO0 ORB 82W2TlElR1 DEL E-IS RO CR3170281 02 JUL 70 PAGE 64 



MMC PHASE A STS MODIFIED ORBITER CONTROL EFFElTIVENESS TESTS AT MSFC TWT 

ANGLE OF ATTACK, 
SWWL W I C H  F Ak AH€ TkI C VALUES 
1 0.398 BETA 0.0% ELEVW - 15.050 
X 3.419 EUCCEk 0.005 

iiEFEfiENCE FILE. 

MSFC 453 MMC MOD OFiB B2W2TlElRl DEL E-15 RO 

10 15 

ALPHA DEGREES 

CR170281 02 

20 50 

REFERENCE INFORE! A T ION 
REFS 0.116 SQ.FT. 
REFL 0.646 FT. 
RE FB 0.405 F?. 
XHRF 0.4 06 
YHkF 0.000 
ZURF 0.04s 

JUL 70 PAGE 65 

.. 



ANGLE OF ATTACK, ALPHA DEGREES 
SYU% WACH FAEAHETR I C  V A L U E S  * 0.138 E T A  0.555 ELEVW - 15.500 

x 3.473 EUCCEE 0.005 

R F E B E N C E  FILE. 

HSFC 453 MMC HOD ORB B2W2TlElRl DEL E-15 RO 

REFERENCE INFORMATION 
REFS 0.116 S4.FT. 
N F L  0.656 F f  . 
XHRF 0 .456  
YHEF 0.000 
ZUEF 0.045 

REFS . 0.405 FT. 

CR170281 02 JUL 70 PAGE 65 



a 

I T E R  Cob 
l(lr 

101 EFFE 
1111 

1 

TIYENESS TESTS AT MSFC T V  w- 

15 i 

ANGLE OF ATTACK, ALPHA DEGREES 
SYH85L MACH FAkAHETk I C VALUES * 0.398 E T A  0.555 ELEVW - 15.500 

x 3.479 ~UCCER I l . t 5 O  

REFERENCE INFOiZHATION 
S B . F T .  REFS 0.116 

@FL 0.646 F T .  
@FS 0.405 FT. 
XXRF 0.406 
YURF 0.050 
ZHRF 0.015 

NSFC 453 MRC MOO ORB 3 2 W 2 T l E l R l  DEL  E-15 RO tR170281 02 JUL 70 PAGE 67 

I!! 



HMC PHASE A STS MODfFIED ORE * ’  TER CONTROL EFFl 
7 1 7  - 

i. 

-I--- * 

W cr 
0 
tL < u 
c 

‘ Z  w 
u 
Lr. 
LL w 
0 u 
w u 
01‘ 
Q 
LL 

- J  
.Ir: 

x -c 
>- 
0 
0 

w e 

w 

w 

H 

m 

e 

- *  ANGLE OF ATTACK. ALPHA DEGREES 
FARAHETRIC VALUES REFERENCE iNFOIiMATION SYHBOL UACH 

* 0.336 BETA REFS 
REFL 
REF5 
XHBF 
YKEF 
ZXfF  

02 JUL 70 

O.lZ6 SQ.FT. 
0.646 FT. 
0.405 FT. 
O,40t 
0.050 
0.045 kEfEEENCE FILE. 

HSFC 453 MMC MOO ORB BZW2TlElR1 DEL E-15 R O  CR170281 PAGE 68 



MMC PHASE A STS MOD 

ANGLE OF ATTACK, ALPHA DEGREES 
SYWgOL * 
1 

MACH FAkAWETkIC VALUES 
0.398 BETA G.005 ELfvCRJ - 13.000 
3.479 EYCCEE 0.W5 

MFERENCE FILE. 

REFERENCE INFORMATION 
REFS 0.116 SQ.FT. 
REFL 0 . 6 4 6  FT. 
REFB 0 . 4 0 5  F1. 
XHkF 0 . 4 0 6  
Y'HRF 0.050 
ZHRF 0 .045  . 

MSFC 453 MMC MOD ORB B 2 k ' Z T l E l R l  DEL E-15 R O  CS170281 02 JUL 70 PAGE 69 

IF- .. 



MMC PHASE A STS Mon 

ANGLE OF ATTACK. ALPHA DEGREES 
STHPL UACH FAkAHE TRI C VALUES 

9.393 E T A  0.095 ELEVUl - 1s.000 
x 3 . ~ 3  RUCCER 0.050 

RFERENCE FILE. 

HSFC 453 MMC MOD ORB 62W2TlEIRl DEL E-15 RO 

REFERENCE INFORMATION 
REFS 0.116 SB.FT. 
REFL 0.646 FT.  
REF6 0.405 FT. 
XWRF 0.406 
YWRF 0.005 
ZURF 0.045 

tS170281 02 JUL 70 PAGE 70 

f .. 



ANGLE OF ATTACK, ALPHA DEGREES 
MFEkENCE INFORMA TIOH SmBOL KACH FARAWTRIC VALVES 

0.335 BETA O.GGO ELEVON - 3O.GOO liEF S 0.116 36.FT. 
J x  G.794 RUCCEC 0 .  GOO L F L  0.64 6 FT.  

0 . G.995 , CSFB G .4 GS F 1. 
0 1.198 Xn6F 0.406 
I 2.74 G lwkF 0.GGG 
X 3.479 EFEMNCE FILE. Z H f F  G.t45 

MSFC 453 MMC MOD ORB B2W2TlElR1 DEL E-30 RO CR170291 06 JUL 7 0  PAGE 71 



* ANGLE OF ATTACK. ALPHA DEGFZEES 
- SYHBOL HACH FARAHETRIC VALUES 

8 4.960 BETA (3.005 ELEVON - 50.005 
. .  CUCCER (3.000 

KCEFENCE FILE.  

REFERENCE INFOkHATION 
REFS . 0.116 S4.FT. 
REtL 0.646 FT .  
REF6 0 .4 05 FT. 
XUEF 0.406 
WAF 0.000 
2MRF 0.045 

?4SF(= 453 MMC MOD ORB B 2 W 2 T I E l R 1  DEL E-30 RO CR170291 02 JUL 7 0  PAGE 72 

E 



c 

ANGLE OF ATTACK. ALPHA DEGREES 
STUWOL UACH fAkA83XkIC VALUES 

* .  0,335 E T A  G.555 EUVW - 
X 0.794 RUCCEE !3.5m, 
D 0.995 
0 1.198 
I 2.740 
X 3.479 R t E R E N C t  FILE. 

nSFC 453 MMC MOO ORB €3~dL"TfEIRf  

REFERENCE INFOEHATION 
30.000 REFS 0.116 SP.FT. 

EEFL 0 . ~ 4 6  f 1, 
. . EEFB 0.455 Fi'. 

xnkf 0.4% 
YHkF 0.050 
ZHIF 0.045 

DEL E-30 RO CR170291 62 J U L  70 PAGE 73 



ANGLE OF ATTACK' ALPHA DEGREES 
SYMBOL MACH FAkAHEfElC VALUES 

8 6.960 BETA 0.000 ELEVQl - 30.0m 
EUCCEC 0 .  000 

FtEFERENCE F ILE.  

ELFEEEN CE INFOR HA ~ 1 0 1 4  
EEFS 6.116 5 3 . F T .  
REF L D.EJ6 FT. 
liEFB 0.4 55 FT. 
XHEF 0.456 
YUFlF 0.595 
ZWiiF 0.(345 

MSFC 453 MMC MOD ORB 92W2TIElRl OEL E-30 RO CR170291 02 JUL 70 PAGE 74 



W rn a m a u 
t 
Z 
W 

0 
Lr 
Lr w 
E) u 
W u oc 
E) 
LL 

J < 
X < 
W 

0 

U 

U 

W 

%? m 

ANGLE OF ATTACK, ALPHA DEGREES 
SYHBOL HACH FAKAHETkIC VALUES 

z 0.195 SETA 0.050 ELEVON - 30.050 
1 0.794 RUCCEE 0 .  g50 
0 0.995 
.e 1.198 
T 2.740 
X 3.479 rCEFEEENCE FILE.  

HSFC 453 MMC MOD OR8 82W2TIEIRI DEL E-30 RO 

REFERENCE INFOEHA 1 I ON 
REFS 0.116 SQ.FT. 
REFL 0.846 F f .  
REF6 0.405 FT. 
XHRF 0.4216 
YHEF 0.000 
ZMEF 0.045 

CRl70291 02 JUL 70 PAGE 75 

ii\! . .. € .. 



ANGLE OF ATTACK, ALPHA DEGREES 
srn8oL nActi FARAMETRIC VALUES * 4.960 BETA 0.555 ELEVCrj - 30.555 

EUGCE iC 0.550 

REFERENCE FILE. 

HSFC 453 MMC MOD ORB B2V2TlElRi DEL E-30 RO 

REFERENCE INFORhATION 
REFS 0.116 SQ.FT. 
REFL 0.646 F T .  

. REFB 0.4 55 FT. 
XHRF 0.406 
YHkF 0.000 
ZHIF  0.ocs 

CR170291 02 JUL 70 PAGE 76 



MMC PHASE A STS MFDIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TWT 

ANGLE OF ATTACK, ALPHA DEGREES 
WHEQL MACH - FAkAMETRIC VALUES * 0.195 . E T A  0.500 ELEVCN - 30.000 

x 0.794 EUCCEE 0.000 
0 0.995 
e 1,198 
I 2.740 
II 1.470 IXFEffNCE FILE. 

MSFC 453 MMC MOO ORB B2W2TlElR1 DEL E-30 RO [R17029 3 02 

REFERENCE INFORMATION 

kEFL 0.646 FT. 
REFS 0.116 SQ.FT. 

kEFB 0.4 55 FT. 
XMRF 0.406 
YHfF G.OBEi 
2HRF 0.045 

JUL 70 PAGE 77 



s 

S 

ANGLE OF ATTACK, ALPHA DEGREES 
+rum. UACH FARAMETRIC VALUES 

8 4.969 BETA - c).955 ELEVON - 30.005 
RUCCER . 0.055 

I) SFERENCE FILE. 

REFERENCE INFORHA TI ON 
REFS 0.116 S Q . F T .  
REFL 0.646 FT. 
REFB 0.405 F'f. 
XUkF 0.4 U6 
YHKF 0 .  0G5 
ZHRF 0.045 

HSFC 453 MMC MOD ORB B2W2TlElRl DEL E-30 RO CR170291 02 JUL 70 PAGE 78 



MMC PHASE A STS MODIFIED ORBITER CONTROL EFFECTIVENESS TESTS A T  MSFC TWT 

N 

0 5 ' 10 20 23 30 

ANGLE OF ATTACK, ALPHA DEGREES 
SmBoL MACH FARAKET~IC V A L E S  

0.J95 E T A  0.GIjO ELEVCN - 3G.GOD 

0 0.995 
. o  L -196 

. x  0.704 RGCEE 0 . G f G  

v t -74 G 
X 3.479 B f E E N C E  ISLE. 

'MSFC 453 MMC MOO ORB 82WZTlEIRl DEL E-30 RO 

REFERENCE 1NFOfMA TION 
EEF S O . i l 6  SP.FT.  
E F L  0.646 F T. 
k f F  B 0 -4 05 F T .  
XHRF 0.406 
YH ccp O.GG0 
'2HRF 0.045 

CR170293 06 JUL 70 . PAGE 79 
. .  

81 I. 



MMC PHASE A STS MODIFIED O2BITER CONTROL EFFECTIVENESS TESTS AT MSFC TWT 
t 

W 
QT 
0 
..lL < 

' 0  
. *  

8- z 
W 

0 
LL 
LL w 
0 
0 
W 
c) 
CY 
Q 
iL 

J < 
t u  
X < 
t 
0 
0 

W e a 
ll. 

W 

W 

m 

T 

ANGLE OF ATTACK, ALPHA DEGREES 

RFERENCE FILE. 

I 20 25 30 

REFERENCE INFOECIA TION 
REPS 0.116 SP.FT. 
kEFL 0.646 FT. 
EEFB (1.4 05 FT. 
XHkF (1.4116. 
YiEF 0.009 
Z H W  0.045 

MSFC 453 MMC MOO OR3 82W2TtElRl OEL E-30 RO SR170291 02 JUL 70 PAGE 80 



U 

J 
0 

U 

U ANGLE OF ATTACK, ALPHA DEGREES 
SYUBOL UACH FAEAHETEIC VALUES REFERENCE INFORHATION 

- Q  0.935 REF6 0.405 FT. 

t 0.195 E T A  0.655 ELEVON - 30.055 REFS O . l l 6  SB.FT. 
1 0.794 RUCCEk 0.555 CEFL 0.646 FT. 

0 1,198 XURF 0.406 
1 2.74'J WRF 0.005 
X 3.479 REFEEENCE FILE.  ZUEF G.045 

MSFC 453 MMC MOD ORB E2W2TlElRl DEL E-30 RO CS170291 02 JUL 70 PAGE 81 
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ANGLE OF ATTACK, ALPHA DEGREES 
S W W L  KACH FARAHETRIC VALUES 

4.960 BETA 0,0r,0 ELEVON - 30.000 
EUCCEE 0.000 

kEFERENCE FILE. 

REFERENCE INFORMATION 
REFS 0.126 SB.fT. 
REFL 9.646 FT. 
REF6 0.455 F T .  
XURF 0.4 56 
P n w  0.00I1 
ZURF . 0.045 

MSFC 453 MMC MOD ORB %2W2TIElRI DEL E-30 RO IS170291 02 JUL 70 PAGE 82 



ANGLE OF ATTACK, ALPHA DEGREES 
SY'HmL UACH F ARAHETR I C VALUES 

8 0,335 E T A  a . m  ELEVON - s.rm 
1 0.734 RUCCEiE 0.055 
0 0.995 
e 1.198 
t 2.740 
X 3.479 e F E F E N C E  FILE. 

MSFC 453 MMC MOD ORB BZL12TlEIRl BEL E-30 RO 

REFERENCE INFOEHA T I  ON 
ltEFS 0.116 S Q - F T .  
kEFL 0.646 CT.  
REFS 0.405 i.1. 
XHRF 0.406 
TURF o.ooa 
ZHRF a.a*s 

CS171T291 02 JUL 70 PAGE 83 



tlf24C PHASE A STS MCDIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TWT 

0 
0 

c z 
W 

# 

LL 
LL 
W 

0 
a 
t3 
J 
.Ir: c 
Q c 

H 

H 

a 

d 

ANGLE OF ATTACK, ALPHA DEGREES 
SW9cK MACH F M I H E T R I C  VALUES 

8 4.960 BETA Q.t,00 ELEV-34 - 30.00D 
RUCCER 0.000 

REFEREXCE FILE. 

REFERENCE INFORM& TION 
REFS 0.116 SQ.FT. 
REFL 0.646 F f .  
REF6 0.4a5 F f .  
XMGF 0.406 
YHIZF 0.000 
ZHKF 0.045 

MSFC 453 MnC MOD ORB 82WZTlEIR1 DEL E-30 RO CS170291 02 JUL 70 PAGE 8 4  



c 
I- z 
W 
D-4 

0 

Lr. 
LL 
W 
0 u 

Y 

I u c 
U a 

* HSFC 4 3 3  HWC HOC: GE3 BzUzEf CEL E 0  
I HSFC 4 5 3  HMC K C  OR5 32WcTf E Z - 1 5  
D HSFC 453 HHC MG C  OE2 Z2WZEI E=-15 

(Rl702f) 0 2  JUL 70 
(817022)  GZ JUL 7 0  
(817023) 02 ;UL 70 

ANGLE OF ATTACK, ALPHA DEGREES 
SYHBOL CCNFICUI?ATICP( CE SCR IFTION DATA SET D A T E  MACH NUNGEE REFERENCE INFORHATION 

0.355 REFS 0.116 SB.FT. 
REFL 0.645 F T .  
REF5 0.455 FT. 
XHRF 0.4116 
YMRF 0.959 
ZHRF 0.035 

. %FERENC€ F I L E .  

PAGE 85 
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MMC PHASE A STS MQDIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TWT 
t.0 t-r- 

ANGLE OF ATTACK, ALPHA DEGREES 
SYH60L CCNFlGURATXCPl CESCEfPTION 

H S F C  4 5 3  HHC H a  GEES EiWi?El GEL € 0  
X WSFC 4 5 3  HMC Ha> ORB B2WZEl E=-15 
Q H S F C  4 5 3  HHC HCC CES E2U2Ei E=-15 

DATA S E T  DATE MACH NUNEjEIZ REFERENCE INFOIZMATlON 
( k 1 7 O 2 1 )  52 JUL 7[1 0.335 R E F S  0 .116 SQ.FT. 
(B17522) 52 J U L  75 REFL 0.626 F T .  
( B 1 7 G 2 3 )  02 J U L  7 0  R E F B .  0.405 F r .  

XHEF 0.406 
YHRF 0.000 
ZHRF 0 .045  _. 

RFEEENCE FILE.  

PAGE 86 



MMC PHASE A STS MODIFIED ORBITER CONTROL 

b 
U 

0 

c 

4 

.I 

LL w 
E) u 

k 

$2 
H 

X < 
w tn a m 

ANGLE OF ATTACK, ALPHA DEGitEES 
SYMBOL C W F I G U R A T I W  CESCRIFTIW DATA SET DATE MACH NUMBER REFERENCE INFOEHA7ION 

REFS 0.116 SB.FT. 

XHRF 0.406 
Y I R F  0.5Gg 
ZHRF tl.ci4S 

USFC 455  WHC K(;C OR9 BZUZEl GEL €9 (k17Ci21) 02 JUL 70 0.355 REFL G.646 Fi. 
(617022) 02 JUL T O  X HSFC 453  HHC HCli: O;i3 BZW2Et E=-15 

0 MSFC 4 5 3  HHC HCX: CXij 82UZE1 E:-15 (617Ci23) 02 JUL 75 REF6 0.455 F7. 

e F E R f N C E  FILE. 

PAGE 87 



EFFECTIVENESS TESTS AT MSFC TWT 

I 15 

ANGLE OF ATTACK, ALPHA DEGREES 
STHWL CCXIFIGURATIW CESCRIFTION 

XSFC 4 5 3  HHC HCO G R ~  etwxi CEL EP 
)I XSFC 453 HIfC HCC G 6  32w2E1 E=-15 
8 MSFC 4 5 3  HHC HCG GE8 82UZE1 Ez-15 

kEFEkENCE FILE. 
. *  

DATA 5ET O A T E  . MACH NUMBER REFERENCE INFOLHATICN 
i ~ t 7 0 2 1 )  (12 -JUL 70 0.355 REfS  0.116 SP.FT. 
(617022) 02 jGL 75  REFL 0.646 FT.  
(61702Jl  I12 JUL 70  REF6 0.405 FT. 

XHkF 0.406 

PAGE 88 



I lMC PHASE A SVS MODIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TWT 

ANGLE OF ATTACK, ALPHA DEGREES 
SWmL CONFIGURATIW CESCEIFTION DATA E T  GATE MACH NUHEER REFERENCE INFORHATION 

REFS 0.!16 .5C'.Fr. 

XMRF YHRF 0.456 0.G55 

ZHkF 0.G45 

* HSFC 453 HXC HCC w.a ~ Z W P I  CEL E O  tk17G21) 02 JUL 751 0.395 EEFL 0.646 FT. 
X HSFC 453 HHC K C  GR6 5;5uZEl EZ-15 ( 8 1 7 0 2 2 )  52 JUL 75 
0 HSFC 4 5 3  HHC HW ORB 5 f U Z E l  E=-15 (817023) 02 JUL 70 REF8 0.405 FT. 

kEFERENCE FILE.  

. -  - PAGE 89 
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J u 

ANGLE OF ATTACK, ALPHA DEGREES 
DATA SET DATE MACH NUH6ER REFERENCE INFOEHATION 
(S17521) 0 2  JUL 7 0  0.335 REFS 11.116 SB.FT. 
(117522)  02 JUL 7c1 REFL 0.646 FT.  
(117li23) . 02 JUL 7 0  REF6 0.455 F T .  

XHRF 9 .456  
YXRF 5.005 
ZURF e.ms 

CFERENCE FILE. 

PAGE 90 



0 u 
* 

I- z 
W 

u 
lL 

- l L  
W 
Q 
U 

H 

H 

ANGLE OF ATTACK, ALPHA DEGREES 
SYMBOL CCTIFttUk ATIOJ CE SCk IF TION DATA SET D A T E  HACH NUMBER REFERENCE INFORMATION * XSFC 4 5 3  HXC HCC GEia GZWZE1 CEL EO 

X HSFC 4 5 3  HIlC HCC OR3 E Z W Z E l  E=-15 
Lf XSFC 4 5 3  HltC MCC OR3 E2UZEl E=-15 

(S17021) 02 JUL 7 1  0.395 REFS 0.116 SP.FT. 
CT17022) 0 2  JUL 7 1  REFL 0.646 FT. 
(117023) 02 J'JL 7 0  REF6 1.4% l'l. 

XHkF 0.406 
YHRF 0 .000  
ZHlF 0.G45 

E F E E E N C E  FILE. 

PAGE 91 



c z 
W 

ANGLE OF ATTACKS ALPHA DEGREES 
SYHBOL C~FlGURATIChl  CESCRIFTION DATA sEr D A T E  UACH NUWEER REFERENCE 1NFOEHAftCN * KSFC 4 5 3  HWC HOC CGS EZV2TlEl €=OFF c e i 7 0 2 4 )  02 JUL 7c1 0.395 REFS 0.116 SQ.FT. 

(817025) 02 JUL 70 EEFL 0.646 FT. 
(617g26)  22 JUL 7 5  fEFB G.405 FT. 
(817G28) 02 JUL 7 0  XMkF 0.406 

7HEF 0 .050  i B l l G 2 9 )  G2 JUL 70  
ZMEF G.545 

KfEkENCE PILE. 

PAGE 92 



SYIHML CCNF I CUE AT I CEI CE S CP I F T I CN 
KSFC 453 HHC XW GE3 E Z W t T l E l  

X K S i C  4 5 3  HHC HCC ORE ZZUET!E!E 
0 HSFC 453  HHC HCC GEE BZU2ilEIR 
0 KSFC 4 5 3  #HC HCG GEE 6 2 w Z T Z E l R  
I USFC 4S3 XXC HCC ORE BZk2TlElIE 

ECFERENCE FILE. 

ANGLE OF ATTACK. ALPHA DEGREES 
E =OFF 
E=0 
E=-15 
E=-tS 
E 3 3 0  

OATA SE DATE MACH NUHGEE REFERENCE INFOEHATION 
52 JUL 70 0.395 REFS O . l ? b  f B . i f .  
t2 i U L  70 REFL 0.646 FT. 
02 JUL 75  EEFB 0.455 f'f. 
02 JUL 70 XHRF 0.4'26 
02 JU. 70 VHEF O.GG'2 

ZHEF 0.045 

DATE MACH NUHGEE REFERENCE INFOEHATION 
52 JUL 70 0.395 REFS O . l ? b  f B . i f .  
t2 i U L  70 REFL 0.646 FT. 
02 JUL 75  EEFB 0.455 f'f. 
02 JUL 70 XHRF 0.4'26 
02 JU. 70 VHEF O.GG'2 

ZHEF 0.045 

PAGE 93 



6 

ANGLE OF ATTACK. ALPHA DEGREES 
MACH NUMEER REFERENCE INFOEHATION SYKWL KWFICUEATIW CESCRIFTIW DATA SET DATE 

8 mSFC 4 5 5  W f C  K C C  GEE: Ehr2TlRl E=WF 
I HSFC 4 5 3  HHC XC*> GRa EZWZT!ElF; l  E-0 
Q msfc 4 5 3  HHC HC3; ORB i2dZ:IEitl € = - I 5  
0 aa?SFC 4 5 3  PHC HCG OR3 DZW2TlEiRl E = - I 5  s RSFC 4 5 3  MHC HCC GKB EZUZT~EIRI E=-30 

(617024) 02 JUL 70 0.395 REFS 0.116 SB.FT. 
(827025 1 ri.2 JUL -70 EEFL 0.646 FT. 

REF6 0.405 FT. 1617026) 92 J U L  
70 XMRF 0.406 (Bi702dI 02 JUL 70 

(B17G231 G 2  JUL 70 YHRF 0.000 
ZWW 0.04s 

kEFEEfENCE FILE.  

PAGE 94 



7 

ANGLE OF ATTACK. ALPHA DEGREES 
I SYHEOL CWFICURATICN CESCRIFTICN DATA SET DATE MACH NUHEER REFERENCE INFORHATION 

KJFC 453 HHC KCC Ofis EZWZT1Rl EZGFF 
X HSFC 4 5 3  HHC M E  GZS B Z W 2 1 1 E I i Z I  E=G 

1 MSFC 453 KHC K ( j c  GEB EZW2TlEIR1 Ez-30  

0 MSFC 4 5 3  nuc n a  GEE B Z W ~ T ~ E I R I  e=- is  
o KSFC 4 5 3  nnc HC~: GRB EzwUtTzEzFii ~ r - 1 5  

( 8 1 7 0 2 4 )  0 2  J U L  7 0  0.395 REFS 0.116 SQ.FT. 
( 8 1 7 0 2 5 )  C Z  J U L  70 0.646 FT. 
( 6 1 7 0 2 6 )  5 2  J'JL 7 0  0.455 FT. 
(Bl7G2dt  52 J U L  78 XHRF 0.456 
( 8 1 7 5 2 3 )  0 2  J U L  7 0  YHRF 0 .550  

ZXEF 0.665 

REFERENCE PILE. 

PAGE 95 



ANGLE OF ATTACK. ALPHA DEGREES 

liEFEkENCE FILE. 

DATA SET DATE MACH NUHBER REFEEENCE INFGEHATION - _ _ _  - 
( 8 1 7 0 2 4 )  0 2  JUL 7 0  0.335 REFS 0.116 SQ.FT. 
( 8 1 7 0 2 5 )  0 2  JUL 7 0  REFL 0.646 F T .  

( 6 1 7 9 2 8 )  02 JUL 7 0  . 
( 6 1 7 0 2 3 1  0 2  JUL 7 0  . YHkF I1.0OIi 

ZHRF C.D45 

r ~ i i r i 2 6 )  0 2  JUL 7 0  EEFB XHkF 0.405 0.406 FT. 

PAGE 96 
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MMC PHASE A ~ 

f .O 8 l I I  

a.9 

0.8 

0.7 

0 -6 

0.5 

9.4 

0.3 

0.2 

0.1 

0.0 

-0.1 

-0.2 

-0.3 

-0.4 

-0.5 5 15 20 

ANGLE O f  ATTACK, ALPHA DEGREES 

25 30 

SYSBOL C W F  I CUR AT I CtJ CE S Cw IF TI ON 
ISFC 4S3 H H C  HU: C<E 82UZTiRl EZGFF 

1 RSFC 4 5 3  HMC HCi: ORE BZvtTlEIIZl E='J 
0 HSFC 4 5 3  HMC HCC GZE 32UtTlEl IZ1 E:-15 
e MSFC 4 5 3  nuc UCG c ~ t i  c i s t ~ 1 ~ 2 ~ 1  €=-IS 
J MSFC 4 5 3  HHC W X  GRB BZWZTlElEl E=-35 

RFERENCE FILE. 

DATA SET D A T E  MACH NUHEER REFERENCE INFOEHATION 
(1170241 02 JUL 7 0  0.395 REF; 0.116 SB.FT. 
(117025)  02 JUL 70 REF, 0.646 FT. 
(717526)  (32 JUL 7 5  kEF6 0.4'JS FI. 
1 7 2 7 0 2 8 )  02 JUL 7 0  XHkF 0.456 
CTllO29) G 2  JUL 7 0  l H k F  0.G50 

ZHRF 0.045 

PAGF 87 



MMC PHASE A STS P1BDIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC T'tlT 
.so I"" a 

.4o 

3 5  

a' 

- 
0 u 

-05 
9 

. 

9 -  
ANGLE GF ATTACK. ALPHA DEGREES 

DATA SET DATE MACH NUHGER REFERENCE INFORHATlON 
( t t t 0 i t i )  a2 JUL 70 0.395 REFS 0.116 SB.FT. 
t w m )  a2 JUL 7 0  EEFL 0.646 F f .  
(117526)  02 JUL 70 EEFB 0.455 FT. 
( f ! ? O t b )  G2 JUL 7 0  XHRF 0.406 
t f t l ( i 2 9 )  02 JUL 7 0  YHRF t.LltLi 

ZHkF G . t 4 5  

PAGE 98 
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ANGLE OF ATTACK, ALPHA DEGREES 

RfFEEENCE FILE. 

DATA S&T DATE MACH NUMEER EFERENCE INFOfHiTlON - .. . .. 
EEFS 0.116 S Q . F T .  (C17024) 56 JUL 7 0  0.794 

tC17G26) . G6 JUL 7G E F 6  0.4GS Fl. 
(C17029)  G6 JUL 7 0  XHkF 0.466 

(C17525J 55 JlJL 7G . E F L  0.646 FT.  

. .  . . ?': . 
. . .  . . .. 
. . .  PAGE 99 
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ANGLE OF ATTACK, ALPHA DEGREES 
SYHljOL CCNF I CUR A TI Ui CE SCR IF TI 0 4  DATA SET DATE MACH NUM6Ek REFERENCE I N f O R H A T I O N  * WSFC 4 5 3  HHC HrJC G B  52W271F.1 E " X F  

X HSFC 4 5 3  HMC H a  OF.$ E,?dtTiElF.l E's (C17025)  1 2  JUL 7.3 REFL 0.646 FT. 
0 HSFC 4 5 3  H H C  H a  3F.B 7.?utTlEiiil E = - I f  (C17026) 02 JUL 70 KEF6 f i . d G 5  FT. 
0 HSFC 4 5 3  HMC HCI; CEZE B t U Z I l E l F i l  Ez-30 (C17123) 0 2  JUL 70  

[ C l 7 1 2 4 )  02  JUL 7 1  0.734 R E F S  6.116 S B . F T .  

XHRF 0.456 
W k F  '3.G55 
ZWIZF 3.045 

EEFERENCE FILE. 
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MMC. PHASE A STS MOgIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TVT 

ANGLE OF ATTACK, ALPHA DEGREES 
SYHSOL CUJFICURATICEI CESCRIFTICN DATA SET DATE MACH NUMSER REFERENCE INFORMATION * WSFC 4 5 3  HHC HCG GZS 82W2TlEi? E=GFF CC17024) 02 JUL 7 0  0.794 REFS 0.116 SQ.FT. 

)I WSFC 4 5 3  HHC HCC 05B BZIJZT!E!R! E=D (C17525)  0: JUL 7 0  .BEFL 0.646 FT. 
0 WSFC 4 5 3  H H C  H a  C x t ,  82UZTlElR1 €=-is (C17526)  C? JCL 7 9  REF8 0.405 FT. 
0 WSFC 4 5 3  H H C  H a  GEB BZWZTlElRl Ez-30 (C17029)  02 JiJL 7 0  XMRF G.406 

YHRF O.tr00 
ZWEF t . 0 4 5  

EEFEAENCE FILE. 
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.* MMC PHASE 

. 

A STS M03IFIED ORBIT1 - 

10 i s  20 30 

SIMEOL CCR4FIGUfATIChl CESCR I F T I  W 
MSFC 4 5 3  HHC H M  GEB BZUZTlRl €=OFF 

ANGLE OF ATTACK' ALPHA DEGREES 
DATA S E T  D A T E  MACH NUM6ER REFERENCE INFORMATION 
LC17524) 02 JUL 70 0.794 REFS 0.336 S Q . F T ,  
t C 1 7 0 2 5 1  02 JUL 7 0  REFL 0.646 F f .  
t c i 7 ~ 2 6 )  52 JL'L ro E E F B  0.405 F T .  
(C17329) G 2  JUL 70  X i R F  YHRF 0.406 0.050 

ZMEF G.045 
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MMC PHASE A STS EIIOUIFIED @?BITER CONTROL EFFECTIVENES-S TESTS AT MSFC TVT 

ANGLE OF ATTACK, ALPHA DEGREES 
SYMBOL C~fFItUkATfU4 CESCRIFTION DATA SET DATE HACH NUHGER REFERENCE INFGEHAPXGN 

XSFC 4 5 3  HHC HCC ORB 62WZTlR1 E-GFF CC17024) ?J JVL 70 0.794 R E F S  O . l i 6  SQ.FP. 
(C17GZ5) JL JUL 7 0  k E F L  0.646 F?.  
(C i7026)  02 J U i  70  REF8 0.455 F f .  

I XSFC 4 5 3  XLlC HCC OR3 EZW2T!Elk? E = O  
0 WSFC 4 5 5  XHC Y.52 OK8 S2W2T?E!R! E=-15  
0 XSFC 453 HHC HCC ORB BZW2TIElRl Ez-35. (C17029) 02 JUL 70 XHRF 0.406 

YHRF 0.550 
ZWRF 0.G45 

liEFEkENCE FILE. 

PAGE 103 
. .. 

.. . . 



J u 
i z 
W 
u 
l L  
lL 
W 
0 
V 

c 
LL 
J 

U 

U 

U 

MMC PHASE A STS MBDIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TWT 

0 .I L 
0.5 

0 -4 

0.3 

0.2 

0.1 

t 
0.0 1- 

-0.1 

-0.2 

ANGLE OF ATTACK, ALPHA DEGREES 

RFERENCE FILE. 

DATA SET DATE: MACH NUMBER REFERENCE INFORMATION 
(017024)  C 2  JUL 70 rJ.794 REFS 0.116 SQ.FT. 
(U17O25) 02 JUL 70 REFL 0.646 PT. 
(U17026) 0 2  JUL 70 REF6 0.455 FT. 
(U17623) 92 JUL 7 9  XHEF 0.405 

YHEF G.li00 . .  ZMkF 0.045 

PAGE 104 



.. 

MMC PHASE A STS MtDIF IED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TWT 

ANGLE OF ATTACK, ALPHA DEGREES 
51H6OL COI4F I GUk A TI CN GESCR I F  T I  ccl DATA SET DATE MACH HUHGER REFERENCE fNFORHlTION * HSFC 4 5 3  HHC HCG ME Shr2TlRl €=OFF ( U i 1 0 2 4 )  02 J U L  70 0.194 REFS 0.116 SQ.FT. 
I HSFC 4 5 3  +!!IC HCC OE6 EEw2TlElRl E-0 fU17025) 02 J U L  7 0  REFL 0.646 FT. 

1U17G26) 02 J U L  1 0  REF6 0.455 F T .  0 . MSFC 4 5 3  WHC HOO G 3  SZw2T!EIRl E = - 1 5  
0 . HSFC 4 5 3  HHC HCG G E E  82U21!ElRI E=-30 tUl7 ( i29 )  02 J U L  7 0  XHRF 0.456 

1HkF 0.0'35 
ZHRF 0.045 

REFERENCE FILE. 
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.MMC PHASE A STS M3fSIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT HSFC TWT 
,045 

. ,040 

-035 

,025 

-020 

.015 

,005 

-000 

-.OM 

-.ma - 
_- 

-,OS 

- ,OM 

-.a25 

s o l s  

to45 

ANGLE OF ATTACK, ALPHA DEGREES 

QFEkEHCE FILE. 

DATA SET DATE MACH NUHEEk REFEKENCE INFOEHATIOH 

f C f t 5 2 6 )  GZ JUL 75 REFL 9.626 FT. 
tC17029)  02 JbL 70 REF8 0.405 BT.  

REFS 0.116 S Q . F T .  

XHRF 0 . 4 5 6  
YHRF 0.059 
ZHXF Q.G4S 

(Cl7OZSl 02 JUL 7 1  0.995 
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MMC PHASE A 

0.9 

0.8 

0.7 

0 e 6  

0.5 

0.4 

0.3 

0.2 . 

0.1 

0.0 

-0.1 

-0.2 

-0.3 

-0.4 

-0.5 * - - - - 
-10 

ANGLE OF ATTACK, ALPHA DEGREES 
DATA SET DATE MACH NUHEER 
( 0 1 7 0 2 5 )  O Z  JUL 70  0.995 
(aims) az JUL 75 
t017025) 02 JUL 70 

REFERENCE INFOEHATION 
REFS 0.116 SG.FT. 
EEFL 0.646 FT. 
EEFB 0.405 F T .  
XHkF 0 .406  
YHfF O.G00  
ZHZF 0.045 
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ANGLE OF ATTACK, ALPHA DEGREES 
SWBOL CONF I CUR A 1 IO4 CE S C I  I F T I W 

8 WSFC 4 5 3  HHC HCC G I 6  e&ZTfElR!  E=0 
I[ WSFC 4 5 3  HHC K C  CEB S t V ~ T l E ? Z L  E=-15  

A 

m WSFC 453 HHC HCG OKS E Z ~ ~ T I E ~ E L  E=-30 
YUEF 0.000 
ZXRF S . M S  

PAGE I08 
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ANGLE OF ATTACK, ALPHA DEGREES 
DATA SET G A T E  HACH NUHSER REFERENCE INFORMATION 
( c 1 7 0 t 5 )  I12 JuL 70 0.995 REFS 0.116 SQ.FT. 
(C17026)  02 J U L  70 REF1 0.646 FT. 
(0170291 112 JUL.75 REF6 0.4G5 F T .  

XHRF 0.106 

iCrFERENCE FILE. 
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ANGLE OF ATTACK, ALPHA DEGREES 
SYHSOL CtX4FIGUEATICr4 CEBCEIFTI@4 DATA SET DATE MACH NUHEEk REFERENCE INF@RUATI@N 

. WSFC 453 MHC UCC OFiB 5ZWZT1EllZ1 Es0 ( D l 7 0 2 5 1  02 JUL 7 0  0.955 REFS . 0 .116  SQ.FT. 
X HSFC 4 5 1  HNC MCC GEB 5 2 w Z T l E l R 1  E:-15 ( C 1 7 0 2 6 )  09  JUL 7 0  REFL 0.646 FT. 

(C17523) C 2  JUL 7 0  EEFB 0 .405  F T -  0 WSFC 453 HXC HCC OR6 B Z W Z T l E l R l  Ez-35 
XHRF 0.406 
YHRF 0.090 
ZWRF G.045 

REFERENCE FILE. 
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ANGLE OF ATTACK, ALPHA DEGREES 
StxBOL CONFIGURATION CESCRIFTICN 

8 USFC 455 HHC KCG G B  B 2 W Z T f E l R f  E-0 
I MSFC 453 HHC HCC 52U2T!E?Rl E=-15 
Q USFC 453 HHC MCC Gf3 Btu211ElRl Ez-35 

DATA SET DATE MACH NUMBER REFERENCE INFOfMATION 
i V f 7 0 2 5 )  92 JUL 7I1 0.995 REFS 0.216 SQ.FT. 
(V170261 i Z  JUL 7 0  REFL 0.646 FT. 
( V i 7 0 2 9 1  0 2  JUL 75 REF8 0.405 CY. 

XHRP 0.406 
Y'HRF 0.000 
ZHkF 0.G55 
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MMC PHASE A STS MODIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TMT 

ANGLE OF ATTACKS ALPHA DEGREES 
SYMBOL CONFIGURATIW CESCRIFTIW . DATA SET DATE MACH NUMBER REFERENCE INFORMATIW 

. (V17025: 02 JUL 7 0  0.935 REFS 0.116 SQ-FT. 
(V17026)  02 JUL 7 5  kEFL 0.646 ?T. 
(V17029)  02 JUL 70 REF8 0.405 FT. 

Y Y k F  0 -406  

RFERENCE F ILE.  
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DATE 
a6 JUL 70 
66 JUL 7 6  
t 6  JUL 7 t  
G6 JUL 7 0  

MACH NUMEElZ 
1.198 

REFERENCE INFOEHATION -~ .~~ 

REFS 0 . 1 1 6  5 Q . F T .  
REFL 0.646 FT. 
IZEFB D.4G5 F T .  
XHRF G.4GG 
YHRF 0.GciG 
ZHfF 0.G45 

ECElifNCE FILE. 
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F 

W z 
3 

u 

I- z w 
c) 

lL 
ll- 
W 
E) u 
w u e 
Q 
iL 

-I < 
Fr-. 
X 

W 

m 

0 

w 

U 

a 

3 

F 

c 

MMC PHASE A STS MSDIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TWT 

ANGLE OF ATTACK, ALPHA DEGREES 
SYU#L C W F I G U R A T I W  CE SCklFTlOJ 

HSFC 4 5 3  HNC H O C  GES E2UETlRl E=OFF 
X HSFC 4 5 3  flMC H a  OR8 B i W Z T l E ? I Z l  E-0 
0 HSFC 4 5 3  HHC HCC GEB eZu2T!ElRl E=-15 
0 WSFC 4 5 3  HHC Ma OEE BZw2TIE:Rl Ez-30 

DATA SET DATE HACH NUHSER EEFERENCE INFOEMATI@N 
(Ei7024) '32 JUL 7c1 1.198 REFS 0 . l I 6  SB.FT. 
I E l S t 2 5 )  52 J'JL 70 REFL 0 .646  FT.  
(E17026)  ?2 JUL 7 0  REFB 0.455 FT. 
tE17G29) J2 JUL 7 0  XHRF 0.406 

YHRF 0.000 
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. -  

ANGLE OF ATTACK, ALPHA DEGREES 
DATA KT DATE MACH NUH6ER REFERENCE INFOEHATION 
(El70241 92 JUL 79 1.198 REFS 0.116 S Q . F T .  
(E17OZ5) 02 JUI. 7 5  REFL '3.646 FT.  
tE17C26) 02 J U L  7 0  REFB '3.405 F f .  

XHRF 0 .406  (E17029J GZ JUL 7G YWRF 0.rJDO 
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W 
61 * a  
LL < u 

.oo 

.03 

W 

u 
L i  
LL w 
0 
V 

H ' 

W u cr 
0 
LL 

-J 

X < 

a 
U 

:MHC PHASE A 

ANGLE OF ATTACK. ALPHA DEGREES 
DATA SET DATE KACH NUMBER EEFERENCE ~NFORMATION 

REFS 0.216 SQ.FT.  (El70241 G6 JUL 7 0  1.198 
(E17GZSl 66 JUL 79 REFL 0.646 FT.  

EEFB G.4GS FS. (E17GZ6) t 6  JUL 7 0  
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. .  

3 u 
c z w 

e 

SI; 
w 
te 
lL 
ELI 
E3 u 
t- 
I. 
J 
U 

t 

c 

ANGLE OF ATTACK' ALPHA DEGREES . 

R E F S  0.226 SQ.FT. * U S F C  4 5 3  H H C  WCC OEB 52WZTlF . l  E=WF (Vl7G24) t 6  JUL 7 0  t .I98 
EEFL 0.646 F T .  X M P C  4 5 3  HHC K C  OK6 5 2 u 2 1 1 E 1 R I  E=6 (U17G25) G6 JUL 7 0  

(Ul7G26)  G6 JUL 7 G  EEFB 0.4Ci5 F 1 .  0 HSFC 4 5 3  HHC HCC GEE E 2 W Z T l E I E l  E = - 2 5  
0 USSC 4 5 3  H H C  HOC Ob6 & 2 U Z T l E l R l  E=-3G (W1717291 06 JUL 7 0  XHRF 0.4G6 

W R F  O.OOD 
tHEf 0.W5 

smBOL CONFIGUF~ATIC~.I  CESCRIFTICN DATA S T  DATE MACH NUH&ER REFERENCE INfOEHATI@N 

EFEEENCE FILE. 
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MHC PHASE A 

ANGLE OF ATTACKS ALPHA DEGREES 
REFS 0.116 s8.F’I. (Wi7024) 66 JUL 7 0  1.198 

(Wl7G25) t 6  JUL 7G EEFL 0.646 FT. 
REF8 O.4G5 F f .  fU17t261 06 JUL 75 

(W17t29) G6 JlJL 7 0  XHRf 0.4G6 
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'ANGLE OF ATTACK' ALPHA DEGREES 
SYHML CCNFI GURA T l U 4  CE SCf. IF TI ON 

WSFC 4 5 3  H H C  HOC OES BZUZTlII E=WF 
I( WSFC 4 5 3  HHC HCG 0F.S 2 Z U Z T l E l i i l  E-5 
0 HSFC 4 5 3  H H C  HOC CZ3 85uZT1ElRl E=-15 
0 MSFC 4 5 3  HHC HCC OZF.3 EZWZT1E1R1 EZ-35 
I WSFC 4 5 3  HHC HCC 0 6 8  62UZT1EIf.l EZ-30 

tun SET PATE XACH NUH6ER REFERENCE INF@PXATIGN - 

i F 1 7 0 2 4 )  02 JUL T O  2 . 7 4 5  REFS 0.f16 SQ.FT. 
( F 1 7 0 2 5 )  0 2  JUL 70 EEFL 0.626 Ff .  

(F17027)  02 JUL 7 0  XHIZF 5 .456  
(F17023) 02 JUL 70 WIZF 0.500 

ZMEF G,GCS 

(Fl lrJ26)  02 JbL 70 REFB ~ i . 4 5 5  F r .  

8 

IZFEEENCE FILE. 
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ANGLE OF ATTACK, ALPHA DEGREES 
DATA SET D I E  MACH NUNEE REFERENCE INFOEHATION SYM6OL CONFICUkATICIJ CESCGIFTICN 

WYC 453 HHC urn me ezuzTxi  DOFF 

e LSFC 453  Hnc MGC OEB S Z ~ Z T I E I R I  ~ o - 3 0  

X HSFC 4 5 3  M H C  HCG G E E  5ZWZT!EiR1 E=C 
0 HSFC 453  HHC HCC OR5 E2UZT!EItl E=-15 

'I UYC 453 H H C  H a  GCS 8 2 ~ Z T l E l r Z f  E=-30 

REFS 0.116 SQ.FT. ( F l 7 5 2 4 )  F2 JUL 70 2.110 
( F l 7 5 2 5 )  JZ JUL 7 5  REFL 0.646 FT. 
(F17026) 02 JUL 70 EEFB 0.405 FT. 
(F17OZf) 02 JUL 70 XMEF YMRF 0.tOO 0.406 
(FltGZJ) G2 JUL 711 

Z'HEF 0.045 
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ANGLE OF ATTACK, ALPHA DEGREES 
3YMEOL CONFIGURATICN CE SCE I F  TI ON DATA SET DATE MACH NUHEER REFERENCE INFOEHATION * MSFC 453 UHC M G 2  cd23 t?k'*'ZTll?l E=WF tF17024) 02 J U L  10 2.740 R E F S  0.116 S Q . F T .  

X MSFC 4 5 3  MHC Hit CRS t t ' i 2 T ! E l r ? l  E=G IF170251 02 J U L  7 0  REFL 0.646 F T .  
0 MSFC 453 KHC HCS OE3 ?~uZ;lEli?l  E=-15 tFl7026) 02 J U L  7 0  REF6 0.405 FT.  
0 MSFC 453 HHC U W  CZ3 fZVZTIElC1 Er-30 (F270271 02 J U L  7 0  XHRF G.406 
I MSFC 1 5 3  H H C  H a  OE3 S2W211Elfl EZ-35 (F17029) 02 J U L  70 YMRF 0.000 

ZHRF 0.045 

EEFERENCE FILE. 
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ANGLE OF ATTACK, ALPHA DEGREES 
SlxEOL CO4FIGUEATICH CESCc!FTICN DATA S T  D A T E  MACH NUFIBEI? REFERENCE INFORMATXQN 

EEFS 0.116 SB.FT. * WSFC 453  HHC hCC C;i2 G Z W ? T l F . f  EZWF 0717024) 1 2  JUL 75 2.74 0 
(F17025)  02 J U L  7 5  REFL 0.646 FT. X WSFC 453 H H C  HCC GF.5 5ZiiZT1E!Rl E=5 

0 WSFC 4 5 3  HHC HCC W.3 ~2U2TlE1Rl €=-I5 (F17026)  02 J U L  75  EEFB G.405 FT. 
0 HSFC 453 KHC SCC CF.S 52U2TlElF. f  E Z - 3 0  (F17027)  02 J U L  70 XHRF 0.406 
V WSFC 453  KHC K C C  GE8 E2W2TlElkl E Z - 3 5  (F17623)  02 JUL 70  YHfF 0.000 ZMRF 0.G45 

RFERENCE FILE. 
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-ANGLE OF ATTACK. ALPHA DEGREES 
SYWOL CU:F I CUE A TI CEl CE S CE I F 7 ICN * WSFC 4 5 3  HMC KCC OR3 ~ZUETIEI E=WF 

X RSFC 4 5 3  HttC HCC OR3 ~2W2TlElR1 E's 
0 HSFC 4 5 3  HMC HCC GEB SZUZTlElRl €=- i s  
0 MJFC 4 5 3  HHC HCC GRS i Z U 2 T I E l E 1  E Z - 3 5  
Y WSFC 4 5 3  HHC SCC GEE 22UZTtEl iZ l  E Z - 3 0  

DATA SET DATE MACH NUHGER REFERENCE INFOEHATION - _ _  
( F l 7 0 2 i )  O2 -JUL 70 2.740 REFS 0.116 S1I.FT. 
(F17025) 02 JUL 70  REFL 0.646 FT.  
(F17026)  Ot JUL 7 0  REF5 0 .405 F T .  
3117027) O? JUL 7 0  XHEF 0.406 

YHRF 0.100 
ZHRF 0.G45 

(F17029) 02 JiJL 70  . .  _ _  
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0.1 

0.0 

-0.1 

-0.2 

ANGLE OF ATTACK. ALPHA DEGREES 
SYWEOL 

8 
X 
0 
0 
I, 

CONFIGURATICN CESCEfFTIOr4 

MSFC 4 5 3  H H C  H G b  CE3 32U2TlElR1 t z - 3 5  

DATA SET 
(X17!324 1 
(Xl7925 1 
(X170261 
(X17O27) 
(XLTO2J) 

DATE 
0 2  -JU; 75  
!32 JUL 70 
02 J2L 70 
52 J U L  75 
02 JUL ?0  

MACH NUMBER 
2 . 2 4 0  

REFERENCE INFORMATION 
RiFS 0.116 S P . F T .  
REFL 0 . 6 4 6  FT.  
REF6 0.455 1'7, 
XHRF 0 . 4 0 6  
lMRF 0 . 0 0 0  
ZXRF G;045 

REFERENCE FILE. 
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MMC PHASE A STS MODIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TWT 

ANGLE OF ATTACK, ALPHA DEGREES 
SYHWL CC)(FICL'EATIO.I C E S C R I F T I C N  * MSFC 453  HHC HCC OEE B P W ~ T L R I  E-CFF 

X MSFC 4 5 3  H H C  H W  OEg SZWZT!ElE! E-5 
0 MSFC 4 5 3  H H C  HCC 0F.S EtutTlElE! E=-15 
0 MSFC 4 5 3  W C  HiC OR5 EZU2TlE:R? EZ-30 
I H S F C  4 5 3  HHC H C C  ORB 62WZTlElEl E=-JO 

QFERENCE FILE. 

DATA SET DATE HACH NUHGER REFERENCE INFOEHATION 
X17054) 02 J U L  7D 2.740 R E F S  0.116 S Q . F T .  
X17025) 02 J U L  7 0 -  . REFL 0.646 F T .  
X170E6) 02 J U L  7 0  R E F 6  0.405 F 7 .  
XI70273 02 J U L  7 0  XWRF 0.406 
X17GtJ) GZ J U L  7 0  YWRF 0.000 

ZKRF 0.04s 
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MMC PHASE A STS E i O D I F I E D  ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TVT 
a045 

- .040 

,035 

-030 

.OEO 

.a10 

.005 

-.a05 

-.Of0 

-.015 

- .Ozs 

0.030 

0.040 

-.a% 

ANGLE OF ATTACK, ALPHA DEGREES 
SYMBOL 

t 
X 
0 
0 
I 

D A E  
0 2  JUL 7 0  
02 JUL 70 
0 2  JUL 70 
02 JUL 70 
0 2  JUL 711 

MACH NUH6Eli 
3.479 

REFERENCE fNCOEHATION 
REFS 0 .116  S Q . F T .  
REFL 0.646 FT.  
EEFB 0.4GS FT. 
XHRF 0.456 
l H R f  0 .  o m  
ZIRF 0.045 
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ANGLE OF ATTACK, ALPHA DEGREES 
SYWSOL CU4FIGURATICH CESCRJFTICN DATA SET DATE MACH NUH6EIi REFERENCE INFOEHATiGN 

X WSFC 4 5 3  H H C  HOC 055 BZw~TlElRl E=-15 ( 6 1 7 0 2 6 )  02 J U L  7Ci REFL 0.646 F S .  
( G t 7 5 2 6 )  02 J U L  70 PEFB 0.405 F T .  .- 0 WSFC 4 5 3  HHt HCG ORE ZZLZTiElRl E‘-15 ( 6 1 7 0 2 7 )  02 J U L  70 XHRF 9.406 0 WSFC 4 5 3  MHC M a  ORB BZV2T!ElP! €2-35 I WSFC 4 5 3  H H C  HGC O E 6  EZu2TlElRl Ez-35 ( C 1 7 0 2 3 )  02 JUL 70 W E F  0,000 

ZMaF 0.545 

REFS 9.116 SP.FT. * MSFC 4 5 3  RHC HCC GRS 62WZT1ElRI E=0 (G17525)  02 JUL 7 0  3 . 4 7 9  

. REFERENCE FILE. 
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ANGLE OF ATTACK, ALPHA DEGREES 
DATA SET D A T E  HACH NUMBER REFERENCE INFORMATION _ _  
(617025)  02-JUL 70 3.479 REFS 0 . 1 1 6  SQ.FT. 

REFL 0 . 6 4 6  FT. (G17526) 52 JUL 
75 EEFB 0.4W FT. ( 6 1 1 0 2 6 )  02 JUL 7 0  

(C17527) 02 JUL 7 0  XHkF 0 . 4 0 6  
bC17G23) 02 JUL 70  YHRF 0.005 

ZHRF O.Li43 

a 

REFERENCE FILE. 
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0 1 1 0 ~ 0 1 1 1  

AT HSFC TWT 

ANGLE OF ATTACK. ALPHA DEGREES 

- .  

DATA S E T  C A E  MACH NUMEEE EEFEliENCE :NFORMATI@N 
( C 1 7 5 2 5 )  52  J'JL 7 0  3.475 REFS 0.116 SP.FT. 
( 6 1 7 5 2 6 )  02 JUL ??j QFL 0.636 F f .  
( 6 1 7 5 2 8 )  02 JUL 75 EEFB 0.405 f T .  
(Cl7527) 02 JUL 7 5  XMEF 0.406 
( t17CZJ)  52 JUL 75 .YHRF U.G!30 

ZUEF 0.G45 
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MMC PHASE A STS MODIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TWT 

ANGLE OF ATTACK, ALPHA DEGREES 
SYH$OL CCNFIGUIATICA CESCRIFTIUi  DATA SET D A T E  MACH NUMBER REFERENCE INFOEMATION 

Z HSFC 4 5 3  H?IC HCr: CZE 5A421IEIRl  E:-15 (637026)  J Z  JUL 70  SEFL 0.646 FT. 
0 HSFC 453  HHC K(c3: 053 CZUZT!EIliI E=-15 (617026)  02 JUL 70 6EFB 0.405 FT. 
0 HSFC 4 5 3  HHC HC.3 C%3 %&i?l !ElR1 EZ-30 (617027)  02  JUL 70 X H R F  0.406 tCJ7029) 02 JUL 7G YHRF G.!30G 1 MSFC 4 5 3  HHC HGC ORB tZY2T1EIRI E=-30 

eFERENCE FILE. 

REFS 0.116 SB.FT, XSFC 4 5 3  HHC HCC GR3 52k'ETlEliZ1 E=0 (617025) $2 JUL 70  3.479 

ZHRF G.li45 
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SYHWL C U 4 F I G U R A T I W  CESCRIFTION 
MSFC 4 5 3  HHC H C C  G3 BZWZTIEIR~ E-0 

Y MSFC 4 5 3  H#C HCO ORE 52u211EIR1 E=-15 
0 H S F C  4 3 3  HHC H N  OEE 5tu2T1ElRl E=-15 
0 HSFC 4 3 3  HHC HOC OR3 liW2T:E161 Er-3G 
V MSFC 4 5 3  HHC HGC ORE EZUZTlElFt l  E=-35 

E ~ F E R E N C E  F I L E .  

DATE 
02 - J U i  7!3 
02 JUL 70  
02 JUL 7 0  
02 JUL 7!3 
G 2  JUL 7 0  

MACH NUM6EE 
3.479 

REFERENCE IN FOR H A  T I  ON 
S P . F T .  
FT. 
1'1. 

YHRF 
2HEF 
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.. . 

ED ORBITE - 

SYWSOL C O N F I G U R A T I W  CESCRIFTIU4 * WSFC 453  HHC HCG G 5  SZWZTlE1Til E=0 
1 WSFC 4 5 3  H H C  H N  GES 5ZwZTlElEi  E=-15 
0 WSFC 4 5 3  HHC MfA QRC ZZ*'2TlElr?l E=-15 
0 WSFC 4 5 3  MHC HCC C43 GEWZT?ElE! Ez-30 
I WSFC 453  HHC H a  ORB ZZWZTlEtRl Ez-30 

. . e F E R E N C E  FILE. 

c 

ANGLE OF ATTACK, ALPHA DEGREES 
DATA SET DATE MACH NUHGER REFEEENCE INFORMATION 
(Y17:35) 02 JUL 70  3.475 R E F S  0.116 SQ.FT. 
( 7 1 7 ~ 3 )  52  JUL 75 REFL 0.646 FT.  
f Y 1 7 0 I S )  52  JUL 70 E E F B  0.405 F T ,  
11175i7) 02  JUL 75 XHRF 0 .406  
( Y 1 7 G i 3 )  G2 JUL 70 YHRF 0.00Ii 

ZlRF 0.045 
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0 

X 
U c 
Q 
M 

0 

ANGLE OF ATTACK, ALPHA DEGREES 
SY'HSOL CCfJFIGUkATI~J CESCR IF TIW DATA SET DATE HACH NUHGER PEFERENCE INFOIHIY'ION * HSFC 4 5 3  XHC HCC OR8 EZWZTlRl EZWF fH l70241  02 JUL 7 0  4.960 REFS 0.116 S Q . F t .  

X MSFC 1 5 3  XHC K O  ME EZUZTlElRl E=G (H17055) t 2  JUL 7 0  REFL 0.646 F T .  
0 WSFC 453 H H C  HCS GEE BPWETlElPl E=-15 (H I75261  02 JUL 7 0  REF6 0.405 FT. 
0 KSFC JS3 HHC ncc OK5 B2W2TlEltl Es-35 (H l lG27)  QZ JUL 7 0  XHCF 0.406 
'I WSFC 453 HXC MrjC ClkE E t U 2 T ! E l P 1  E=-30 tW17023) 02 JUL 70  YNIF O.G'J0 

ZWRF 0.045 

REFERENCE FILE. 

PAGE 134 
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ANGLE OF ATTACK, ALPHA DEGREES 
DATA SET DATE HACH NUM6ER REFERENCE INFORMATION SYHEOL C ~ F I G U R A T I W  CESCRIFTIC(J 

8 HSFC 453  HHC HCO M e  C Z W ~ T I R ~  E-OFF 
X MSFC 453  HllC HCC 0 E . B  EZU2TlE?El E='> 
0 HSFC 4 5 3  HXC HCC GRB EZVZTlE2F . t  E=-15 
0 HSFC 4 5 3  H:4C HCC GR5 62WiT?E?Rl Et-30  
t MSFC 453  HHC H c 3 :  OR8 22W2T!EIIl EZ-30 

REFS 0.116 SQ.FT. tH17524) (32 JUL 70  4.960 
(H17G25) 02 JUL 70  REFL 0.646 F T .  

. (H l7026)  02 JUL 7 0  REFS D.4G5 F T .  
(H17027) 02  JUL 70 XHkf 0.406 
(H17023) 02 JUL 7 0  YHRF 0.500 

ZHkF 0.045 

&TERENCE FILE. 
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e '  

W cn <. 
< 
0 

c z 
W 

0 
LL 
LL 
W 
Q 
0 
W 
V cc 
0 
LL 
J < 
X < 
W 
u) < 

m 

0 

Y 

U 

U 

e 

m 

e 

Q 

ANGLE OF ATTACK. ALPHA DEGREES' 
S I H 5 0 L  CWFIGUkATI'SJ CESCRIFTIW DATA SET O A X  MACH NUMBER REFERENCE INFORHlfION * n s c  4 5 3  HHC nm GS SZETIEI E=WF (Hi7024) 02 J U L  70 6.960 REFS 0.116 SQ.FT.  

]I WSFC 6 5 3  HUC HCC CEB C l W Z T J E l i Z l  E 2 0  (H17025) 52 JUL 70 6 E F L  0.646 F'T. 
0 USFC 4 5 3  HHC HCC CE3 BZWZT!ElI?1 E = - 1 5  (H17026) 02  JUL 70 R E F 6  0.405 FT. 
o UYC 4 5 3  m c  HCC W B  ~ 2 ~ 2 7 1 ~ 1 ~ 1  E=-35 (H17027) 02 J U L  70 XHRF 0.406 

ZUkf 0.G45 
I W K C  I S 3  H H C  HCC CKB E Z U Z T 1 E l R I  E=-35 (H17023) 02 JUL 7s YMRF 0.000 

REFERENCE FILE. 
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R 

R 

ANGLE OF ATTACK' ALPHA DEGREES 
SYMEOL COJF I t Uk AT1 U4 CE SCR IF TXON 

MSFC 4 5 3  K H C  KCC CE3 5?X?TlFZI E=GFF 
X WSFC 4 5 3  H?lC HX, cn?S 62W2TIElRl €=!2 
0 WSFC 4 5 3  HHC HC.3 GES ZZW2TiElRI €=-I3 
0 MSFC 4 5 3  HMC HCC @E3 &PWZlIE!IFl Ez-35 
V MSFC 4 5 3  HriC KCC G S  2 Z U Z T l E l R l  E=-30 

DATA K T  G A T E  MACH NUHGER kEFERENCE XKFORHATION 
lHl7Ci241 02 JUL T G  4 -960 RFFS 0.116 S Q - F l .  

REFL 0.646 F T .  
REF8 0.405 F T .  
XkRF 0.406 
YMRF 0.000 
ZHkF. 0.045 

-PAGE 137 



MMC PHASE A STS MODIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TWT 

w 
0 cr 
Q 
LL 

J < 

0 
m 0 

W cr a 
LL 

ANGLE OF ATTACK. ALPHA DEGREES 
DATA SET’ DATE MACH NUH6EE REFERENCE INFORHATION 
(H17024)  !2 J U L  7 0  4 . 9 6 0  REFS 0.116 SQ.FT.  
(H17025) J2 JUL 7 0  REFL 0.646 F f .  
( n i 7 ~ 6 )  02 JUL 7 0  EEFB 0 .405  F T .  
(Hl7G27) 02 JUL 1 0  XHRF 0 . 4 3 6  
tH17G231 G2 J U L  70 lHEF 0 . 0 0 0  

ZUEF O.G4f 

YFERENCE F ILE.  
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c 
LL 

J 
W 

ANGLE OF ATTACK, ALPHA DEGREES . .  . 
DATA SET DATE HACi4 NUH6EIZ REFERENCE INFORHATION 
( 2 1 7 0 2 4 )  0 2  J U L  7 0  4.960 REFS 0.116 S Q . F T .  
( 2 1 7 0 2 5 )  02 JUL 7 0  R E F L  0.646 FT. 
( 2 1 7 0 2 6 )  5 2  JUL 7 0  E E F B  0.405 FJ.  
( 2 2 7 0 2 7 )  02 JUL 7 0  XHIZF YHZF 0 .406  0.005 
( Z l l f 2 9 1  02 JUL 7 0  

ZHEF 6.G45 
RFEEENCE FILE.  

PAGE 939 



0 
0 

ANGLE OF ATTACK, ALPHA DEGREES 
MACH NUMBER EEFERENCE INFOEMATION STHEOL CCNFIGU~ATIW C E S C ~ I F T I C l i l  DhTA SET DATE 

WSFC 4 5 3  MMC H W  GEE ShlZTIR1 €=OFF (217024) 112 JUL 711 4.960 REFS 0.316 SQ.FT.  
REFL 0.545 FT. X WSFC 453  KHC XCC OR9 B2uZT:EIRI E-O ( 2 1 7 0 2 5 )  02 JUL 70 

0 MSFC 453  HHC HCC GZ2 EZuZllEtll E = - 1 5  (21702G) 02 JUL 7 0  REF8 11.455 FT.  
0 WSFC 4 5 3  MMC HCC OR% EZWZTiE161 EZ-35 ( z i r o z ~ )  02  JUL 70  XHRF 0.406 
I USFC 453 HXC UCC O6B B2uZTIElEl E=-30 (217023) GZ JUL 70 l H l F  11.050 

ZXEF 0.045 

RFERENCE FILE. 

PAGE I40 



MMC PHASE A STS MODIFIED ORBITER CONTROL EFFECTIVENESS JESTS AT MSFC TYT 

NORMAL FORCE COEFFICIENT, CN 
SYMBOL WACH FARAHETRIC VALUES REF€ REN CE INFORHA 'I I ON 

0.396 BETA 9.095 ELEVON . 0.055 REFS 0.116 S B . F i .  
REFL 0.646 FT. 

XUkF 0.406 
YnRF 0.11011 

rYFECENCE FILE.  2WRF 0.1145 

. REF6 0.405 F f .  

HSFC 453 MMC MOD ORB B?W2El DEL EO CRl70211 02 JUL 70 PAGE 141 

8. H 



' 0  

J u 
E 

I- z 
W 

0 

TOTAL DRAG COEFFICIENT, CD 
SYUWL UACH FARAHETRIC VALUES 

8 0.356 BETA o.',o'i ELEVW 0.000 
REFERENCE INFOIZHATION 

REFS 0.116 SQ.FT. 

kZF6 0.465 FT. 
XHfF 0.4 06 
YHEF 0.000 
ZUEF 0.045 

EEFL 0.646 FY. 

MSFC 453 MMC NO0 ORB B2L12E1 DEL EO CS170211 02 JUL 70 PAGE 142 

liil! .... 



. .  
1 

1 

PITCHING PIOMENT COEFFICIENT, CNM 
smMK 

L 
MACH FARAHE TRIC VALUES 
0,396 BETA 0.509 ELEVW 11.505 

1 

liEFEEENCE FILE. 

MSFC 453 HMC MOD GRB B2W2E1 DEL EO 

-- 
i .o. 

CEFEEENCE INFORMATION 
REFS 0.116 SP.FT. 
EEFL 0.646 t: 1 . 
REF6 0.415 FT. 
X X f F  0.406 
YXEF O.li50 
ZURf 0.045 

CS170213 G2 JUL 70 PAGE 143 



H 

NORMAL FORCE’COEFFICSEMT, CN 
F A R A X E l l i I C  VALUES REFERENCE lNFOtZMATION W W L  W I C H  

8 0,197 BETA 0.055 ELEVW - 15.055 REFS 0.116 SQ-FT. 

a 1,193 . REF6 0.4 1 5  FT. 
e 2.74O XURF 0.416 

~ F E R E N C E  FILE.  ZUkF 0.045 

z 0.791 REFL 0.646 F;. 

1 4.960 YURF O.Or30 

HSFC 453 MMC MOD ORB B2W2El DEL E-15 RO IR170221- 02 JUL 70 PAGE 144 



J 
0 

TOTAL DRAG COEFFICIENT. CO 
S7HBOL MACH FARAXE TB I C VALUE 5 * 0.397 E T A  0.000 ELEVC(J - 15.000 
1 a.737 
a 1.199 
0 2.740 
T 4.960 

rtEFEEEHCE FILE. 

MSFC 453 MMC MOD ORB B2W2E1 DEL E-15 RO 

. kEFEEfNCE INFORHATION 
REFS 0.116 SQ.FT. 
kf FL 0.646 F f .  
REFS 0.465 F T .  
XUkF 0.406 
YUEF 0 .  t o o  
ZUEF 0.045 

CS170223 02 JUL 70 PAGE 145 



I 

PITCHING KOMENT 

MSFC 453 MMC MOD ORB B2W2EI DEL E-15 RO 

COEFFICIENT, CNM 
EEFERENCE INFORMATION 

QFS 0.116 5 Q . F T .  
6EFL 0.646 F T .  
REF6 0.405 F T .  
r n w  0.4 06 
YnlF 0 . O O f l  
ZWRF 0.045 

cs170221 02 JUL 70 PAGE 146 



4 

I 
V e 
Y 

n 

NORMAL FORCE COEFFICIENT, CN 

RFEEENCE FILE. 

CiEFERERCE INFORHA 1 ION 
REFS 0.116 Sd.FT. 
fEFL 0.646 FT. 
EEFB 0.405 FT. 
XMRF 0.406 
YHBF 0.000 
ZWfF 0.045 

MSFC 453 MMC MOO ORB B2%2EI DEL €-IS RO CR170231 02 JUL 70 PAGE 147 



TOTAL DRAG COEFFICIENT, GO 

RiFEkENCE FILE 

tSFC 453 MMC MOO ORB 82W2E1 DEL E-15 RO 

REFERENCE INFOI?MATION 
REFS 0.116 SQ.FT. 
REFL 0.646 Ff. 
REFS 0.405 FT. 

Y M F  0.000 
t n w  0.043 

XUkF 0.406 

CS170231 02 JUL 70 PAGE 148 



MMC PHASE A STS MOOlFIEO ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TWT 

PITCHING HOMENT COEFFICIENT, CNM 
S Y m o L  

8 
a 

HACW FARAUETRIC VALUES 
0.395 BETA 0.655 ELEvCfi - 15.GO5 
4 . S I 0  

lifFE6ENCE FILE. 

MSFC 453 MMC MOO ORB B2W2E1 DEL E-15 RO 
. . .  

REFERENCE fNFORHATION 
REFS 0.116 SB.FT.  
REFL 0.646 Fl. 
REFB 0.405 Fl. 

. XXRF 0.406 
v n w  0.060 
ZMEF 0.54s 

(S170231 02 J U L  70 PAGE 149 



H 

0 
Y 

Y 

e 

NORMAL FORCE COEFFICIENT, CN 
S 7 K W  WICH FARAHETR IC VALUES 

1 0.396 BETA 0 . m  EUCCER O . ~ I  
s 0 .791  

1.193 e 
0 2 .140  
t 4 . 9 6 0  

. -  

RFEEENCE FILE. 

REFERENCE INFOIZHATION 
EEFS. 0.116 SQ.Ff .  
kEFL 0 .646  FT,  
REFS 0 . 4  55 FT. 
XHRF 0.496 
YHEF 0 . 0 0 0  
ZXRF O. t4S  

HSFC 453 MMC MOD ORB BZVZTlRI DEL RO PAGE 150 
. .- 

CRl70241 02 JUL 70 
. _  - 7. 



TOTAL DRAG COEFFICIENT, CD 
SVMBOL UACH PAkAHETRIC VALUES * 0.398 BETA 0.950 RYCCEC 0.000 

II 0.797 
Q 1.199 
0 2.740 
V 4.960 

REFERENCE FILE. 

FISFC 453 MMC MOO ORB 82W2TlRI DEL RO 

REFERENCE INFORMATION 
REFS 0.116 SQ .Fr. 
REFL 0.646 FT.  
REFS 0.405 FT.  
XHRF 0.4 06 
VHRF 0.0511 
ZWRF 0.045 

CS170241 02 JUL 70 PAGE 151 



0 

c z 
W 

0 

tL 
tL 
LJJ 
0 
0 
c 
lc 

3 

.. 
w 

. H  

U 

6 

. .. 

6 

PITCHING MOMENT COEFFICIENT. CNM 
SYHML UACM FARAHETEIC VALUES 

8 0.398 E T A  0.000 RUCCER 0.000 
s 0.737 
0 1.193 

T 4 .96G 
* e  2,740 

%TERENCE FILE. 

HSFC 453 MMC MOD ORB B2W2TlRI DEL RO 

REFERENCE INFOkMATICN 
REFS '0.116 58.FT. 
CEFL 0.646 FT. 
REFS 0.4 05 FT. 
XUEF 0.406 
YHEF 0.000 

. LURF 0.045 

~~170243 02 JUL 70 PAGE 152 



SYHsOL UACH FAkAHETkXC VALUES * 0.336 E T A  0.050 ELEVON 
S . 0.796 DUCCEf 0.005 
0 0.936 
6 1.193 
s 2.749 
E 1.479 , rtEFEEENCE FILE. 

WSFC 453 MMC MOD URB BZW2TlElRI 

NORMAL FORCE 
a.ooo 

DEL EO RO 

COEFFICIENT, 

CR170251 

CN 
REFERENCE INFORMATION 

ksrF S 0.116 SQ.FT. 
EEFL 0.646 FT.  
REFS 0 .c 05 F t .  
XHRF 0.406 
YUkF !3.000 
ZURF D.045 

02 JUL 70 PAGE 153 



. 

srmgoi MACK FAEAWTRIC VALUES REFERENCE INFOkWTIQN 
8 1,960 BETA 0.055 ELEVON rj.000 REFS 0.116 S Q . F T .  

EUCCER 0.000 CEFL 0.646 F 1 .  
. REFS 0.4 05 FT. 

XHRF 0.406 
YHRF o.oo!l 

EEFERENCE FILE. ZHRF 0.045 

MSFC 453 MMC MOD ORB B2WZTlElRl DEL EO RO CRl70251 02 JUL 70 PAGE 154 



S W B a  MACH FAkAUElZIC VALUES 
0.336 G T A  0.055 ELEVQI 0.000 

m 0.738 RUGCEC 0.005 
a 0.996 
0 1.193 
I 2.740 
I 3.479 REFERENCE FILE.  

HSFC 453 MMC MOD ORB BZWZTlElRl DEL EO RO 

REFERENCE INFORMA TION 
REFS 0.116 Sa.FT. 
REFL 0.646 Fi'. 

. REF8 0.433 FT. 
XHkF 0.4116 
YHEF 0.01ifJ 
ZUEF 0.045 

CS170251 02 JUL 70 PAGE 155 



TOTAL ORAG COEFFICIENT. CO 
SY'wgOL MACH FAR AHETk I C VALUES 

8 4.960 E T A  0.om ELEVUi 0.005 
RUOCER 0.tG.O 

8 

RFERLNCE f ILE.  

HSFC 453 MMC MOO ORB B2WZTlElRl DEL EO RO 

GEFERENCE INFOEMA T I  CN 
REFS O . l t 6  SQ.f 1. 
kEFL 0.646 FT, 
REF 6 9.405 Ft'. 
XHEF 0 .I 06 
YHCF 9. 950 
ZHEF 0.945 

CS170251 02 JUL 70 PAGE 156 

SF. ... I .. 



H 

0 
U 

PSTCHING HOMENT COEFFICIENT, CNM 
SnlBoL MACH FASAHETRIC VALUES * 0 ,396  E T A  0.005 ELEVW o,r,oo 
1 6.798 EUCCEE 0,500 
a 6 .936  

- 0  1 . 1 9 9  
I 2.140 
U 1,479 EEFEEENCE FfLE. 

HSFC 453 MMC HOD ORB B2W2TlElRl DEL €0 R0 cs17 025 I 

REFEEEN CE INFO? H A TI. ON 
liEF S 0 .116  SP.FT. 
EEFL 0.646 FT. 

. EEFB 0.4G5 F T .  
XHkF 0 .406  
YHRF 0.000 
ZHRF 0.045 

02 JUL 70 PAGE 157 



. .  

J u 

c- 
LL 

J 
Y 

, __. i 

9 

. .  
.. . . .' 

. .  

PITCHING MOMENT CCEFFICfENTe CNM 
SYUWL MhCH PEkhUETli C VALUES REFECEKCE XNFOtXATXCh * 4.969 BETA g.555 ELEYCU 0.555 GEFS G.116 S B . f i .  

EUCCER 0,5r,C, . kEFL G .64 6 FT. 
KEF8 0.415 FT. 
XHEF G.406 

. _  ' YHLi D . G M  
kEFCRENCE FILE. ZHRF i i .245 

CS170253 02 JUL 70 PAGE S58 HSFC 453 HMC Me0 O R 8  BZ'rt2TlEIRl DEL EO RO 

- 3  I 

. .  ~ .. 
* i -  

t!!. 
. .. 

. .  -. 
. .  

. .. * .  . -  
. I .  



c 
fL 
U 

MMC PHASE A STS MODIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TWT 

w 
u 
U 

NORMAL FORCE 
swwL nicn FARAHETRIC VALLES - *  0.198 BETA 0.lirJLi ELEUct4 - u.555 

1 0.797 EUOCEiC 0.5rJli 
0 . 9.997 
e 1.211 
7 2.740 
s 1.179 REFERENCE F I L E .  

HSFC 453 MMC MOD ORB B2W2TlElRl DEL E-I5 RO 

COEFFICIENT, CN 
REFERENCE INFORWA TI  ON 

REFS 0.116 SB.FT. 
f S F L  0.646 pr.  

. S F 6  0.4W Fr. 
XMRF 0.416 
YXRF O.OOr, 
ZMRF 9.14s 

(R170261 02 JUL 70 PAGE 159 



NORMAL FORCE COEFFICIENT, CN 
REFERENCE INFORHATIOPI SYMBOL MACH F AEAHETE I c VALUE s * 4.960 E T A  0.0m ELEVON - 15.059 kEFS 0.116 S@.FT. 

fUCCER 0.tm EEFL 0.646 FT. 
REF6 0.405 FT. 
XURF 0.406 
YU6F 0.000 

EEFEKENCE FILE. ZU6F 0.045 . a 
MSFC 453 M ? X  MOD ORB B2W2TlEIRI DEL E-15 RO CR17026) 02 JUL 70 PAGE 160 

Ill! ... 



TOTAL DRAG COEFFICIENTS CD 
SYHSOL UACW FAEAHETRIC VALUES 

0.398 BETA 0,555 ELEVW - 15.Gfig 
n 0.797 RUCCEk 0.5m 
e 0.997 
0 1.211 
1 2.145 
E 3.479 REFERENCE FILE. 

I 

MSFC 453 MHC MOD ORB B2W2TlElR1 DEL E-15 RO 

REFERENCE INFOAH A ?  ION 
REFS 0.116 SQ.FT. 
REFL C.646 F?. 

. REF6 0 . 4 0 5  FT. 
XNRF 0.4 06 
YHCF 0.009 
ZHRF 0.04S 

CSl70261 02 JUL 70 PAGE 161 
. .  



. 

J 
0 

w 
0 

LL 
LL 

U 

a- 
LI. 
J 
U 

TOTAL DRAG COEFFICIENT, CO 
FARAHETEIC VALUES REFERENCE INFOkMAfION rrngot UACH * 4.960 E T A  0.000 ELEVCN - 15.005 REFS 0.116 SB.FT. 

RUOCER O.ODr, EEFL 0.646 F1. 
REF6 0.405 F1. 
XWEF 0.406 
Y'WIF 0 .  GGO 

KEFEEENCE FILE. ZMEF 0.045 

s 

MSFC 453 MMC MOO ORB 32W2TlElRl DEL E-15 R O  CS170261 02 JUL 70 PAGE 162 

.... El\'- 



. 

J u 
c 
c z 
W 

0 
U 

U 

PITCHING MOMENT COEFFICIENT, CNM 
REFERENCE XNFORMATXOEI YUeoL W I C H  FAR AWE T I  IC VALUE 5 

(1,338 BETA 9.000 ELEVU4 - 15.005 REF s 11.116 S P . F T .  
I a-737 ~ RUCCEE 11.t05 REFL 0.846 F t .  
0 8-93? REf 6 9.405 f T .  

I 2-74 Q YMkF 0.IOIf 
X 3,409 kEfEEENCE FILE. ZMRF 0.1145 

8 1,211 XMEF 0.406 

HSFC 453 MMC MOD ORB 32WZT1ElRl DEL E-15 R O  CS170261 02 JUL 70 PAGE 163 



J u 
c z 
W 
u 
Lr 
LL 
W 
Q 
V 
c 
LL 

J 

U 

H 

M 

PITCHING MOMENT COEFFICIENT# CNM 
SYHWL WACU FAkAHETkIC VALUES REFEI~ENCE INFOEMATION 

RUCCEk 0.055 k E F L  0.646 FT. 
. REFB 0.4 05 FT. 

* 4.960 BETA 0.005 ELEVON - 15.050 RF S 0.116 SQ.FT. 

XHkF 0.406 
YMEF 0.009 

kEfEkENCE FILE. 2HkF 0.945 

HSFC 453 MMC MOD ORB B2W2TlEIR1 DEL E-15 RO CS170261 02 JUL 70 PAGE 164 



. NORMAL FORCE COEFFICIENT. CN 
s r n m  WACH FARAHETEIC VALUES REFERENCE INFORMA TION 

8 2.740 BETA 0.055 ELEVCtJ - 30.500 REFS 0.116 SQ.FT. 
x 3.473 EUCCEE o.mr, REiL 0.646 F1. 
E 4.960 REF6 0.405 FT.  

XHRF 0.406 
W E F  D.00!l 

eFERENCE FILE. ZRRF 0.04s 

-HSFC 453 H N C  MOD ORE) 82w2TlElRl DEL E-30 RO CR170271 02 JUL 70 PAGE 165 



TOTAL DRAG COEFFICIENT, CD 
STtfEot MACH . FAkARETkIC VALUES 

* 2.149 BETA 0.050 LLEVW - 30.000 
1 3.419 EUCCEE 0.000 
Q 1.969 

YFEEENCE TI LE. 

REFERENCE INFOfHATION 
REFS 0.116 SQ.FT. 

REF8 0.4GS FT. 
XURF 0.406 
YHRF 0.000 
ZHRF 0.045 

REFL 0.646 F T .  

HSFC 453 MMC MOD O R a  B2WZTlElRl DEL E-30 RO CS170273 02 JUL 70 PAGE 166 



RBI  
I l l  

L-LCL- 
I -.010 

PITCHING MOMENT COEFFICIENT, CNM 

TER 
I l l 1  

-.I 

SYUgOL UACH FAIZAHETRIC VALUES 
8 2.740 gETA 0.055 ELEVON - 39.095 
1 3.479 SYCCEk 0.095 
0 4.960 

. REFCEENCE FILE. 

REFERENCE INFORHAfIOH 
fEFS 0.116 S 9 . F f .  
CEFL 0.646 FT. 
fEF6 0.403 F f .  
XXkF 0.406 
YXkF 0.01111 
2WRF 0.045 

MSFC 453 HMC MOD ORB 82W2TlEIR1 DEL E-30 RO CS170271 02 Jut 70 PAGE 167 

L .- 
. .  
- .  



NOfiMAL FORCE 
6YIHWL UACH FAEAHETCIC VILUES 

8 g.338 BETA 0.055 ;LEVCri - 15.000 
a 3.449 RUCCEf O.Ii50 

.FISFC 453 MMC MOD ORB 82W2TlElRl DEL E-15 RO 

COEFFICIENT, CN 
REF€ kEN CE INFOEHA 1 I ON 

WFS 0.116 SQ.FT. 
EEFL 0.646 FT. 
fEF B 0.405 Ft .  
XHlF 0.4 06 
t n w  0.0511 
ZHRF 0.041 

CR17028) 02 JUL 70 PAGE 168 



TOTAL DRAG COEFFICIENT, CD 
- $rum. UACN FARAHETRI C VALUES 

8 0.398 E T A  0.050 ELEVON - 15.01313 
I . 3.479 GUCCER 0.500 

REFERENCE FILE. 

NSFC 453 MMC MOD ORB B2W2TlElRl DEL E - I 5  RO 

- *4  . 

REFERENCE INFORMAT1ON 
REFS 0.116 5 P . F T .  
EEFL 0.646 FT. 
REF8 0.405 FT. 
XWRF O.4Lr6 
YHEF o.r,cio 
ZHRF 0.045 

CS170281 02 JCrL 70 PAGE 169 



MMC PHASE A STS MODIFIED ORBITER CONTROL EFFECTIVENESS TEST 

+ 

+ 

J u 

c z 
W 

0 

* 
LL 
W 
0 u 
c 

' LL  

J 

0 

u 

U 

w 

AT MSFC TVT 

PITCHING MOMENT COEFFICIENT, CNM 
WWWL WACH FARAHEGIC VALUES R E F E N K G  INFMMATlW 

5.398 BETA 0.055 ELEVON - 15.000 REFS 0.116 SP.FT. 
8 3.479 RUCCER 0.005 REFL 0.646 FT. 

R E f  6 0.4QS FT. 
XHRF 0.406 
YURF 0.559 

R F E E E U C E  FKLE. ZHRF 0. -5 + 
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c z w 
u U 

U 

NORMAL FORCE 
rmecr- *ACH FLRAXETF~IC VALUES * 6.395 BETA 0.GGP ELEVON - 3 G . G G P  

0 t.995 
0 1.196 
I 2.740 
X SA79  EFEEENQ FILE. 

X t.794 RUCCEE 0-080 

HSFC 453 MMC MOD ORB B 2 k ' 2 T l E l R l  DEL E-30 RO 

COEFF I C  I ENT CN 
EEFEfENCE INFCWATlOFi 

REFS 0.!16 SQ.FT.  
B F L  0.646 F T. 
E F B  0.465 F 1. 
XHfF 0.4 D6 
WFiF O . O G 0  
t H k F  0.W5 

CR170291 06 JUL 70 PAGE 1 7 1  



A 

f u 

L 

W 

b 

A 

NORMAL FORCE COEFFICIENT, CN 
s r n m  WACH FARAHETRIC VALUES 

4.960 BETA 5.505 ELEVCcc - 30.000 
RUOCER 0.555 

REFERENCE INFOEHATION 
REFS 0.116 se.rT. 
REFL 0.646 FT.  
REF6 0.4rJ5 FT. 
XWkF 0.4 56 
W R F  0.I)OIJ 
ZHRF 0.045 

.MSFC 453 MMC MOD ORB B2k’ZTlElRl  DEL E-30 RO CR170291 02 JUL 70 PAGE 172 



e 

TOTAL DRAG COEFFICIENT, 
SYWBOL MACH FAGAME TG I C VALUES * 0.355 BETA 0,009 ELEVON - 30.000 

a O.?94 RUCCEE !I. 000 
0 0.93s 
e 1.198 
I 2.740 
X 1.479 REFERENCE FILE. 

REFERENCE ZNFOEMA TlON 
REFS 0.116 S Q . F T .  
REFL 0.666 F T .  
REFB 0.4215 FT. 
XHRF 0.4215 
VXRF 'J.Ii210 
ZXRF 0.065 

HSFC 453 MFiC MOD ORB 22L12TlE1R1 DEL E-30 RO tS170291 02 JUL 70 PAGE 173 



MMC PHASE A STS MODIFIED ORBITER CONTROL EFFECTIVENESS TESTS A T  MSFC TVT 
1 *O 

0.9 

0.8 

0.7 

0.6 

0.1 

0.4 

0.3 

0.2 

0.1 

0.0 

-0.1 

-0.Z 

-0.3 

-0.4 

s7m BOL * 

8 .  

MSFC 

HACX PARAMETRIC VALUES 
4.960 BETA Q.500 ELEVCCS - 

EUCCEf ?l.555 

CLCEEEWQ FILE. 

453 MMC MOD ORB B2W2TIElRI 

TOTAL DRAG COEFFICIENT. CD 
REFERENCE INFOEMA TION 

35.505 REFS 0.116 58 .FT. 
REFL 0.646 FT. 

XnRF 0.406 
Y M F  0.000 
LXEF 0.045 

, REFB 0.405 FY. 

DEL E-30 RO CS170291 02 JUL 70 PAGE 174 



PITCHING MOMENT COEFFICIENT. CNM 
S Y H 8 0 L  UACH F A ~ A H E T ~ I C  VALUES * 0.395 EM a.arjo ELEVCN - 3rj.000 

a 0.794 RUCCER 0.050 
0 0.993 

c o  1.108 
I 2,740 
X 3.479 RFERENCE FILE. 

REFERENCE INFORNATI(?N 
REFS 0.116 5Q.FT.  
REFL 0.646 FT. 
REF6 0.4IJS F1. 
XMRF 0.4 06 
YM6F 0.000 
ZHRF 0.045 

HSFC 453 MMC MOD ORB 62W2TlElRl DEL E-30 R O  CS170291 02 JUL 70 PAGE 175 



PITCHING MOMENT COEFFICIENT, CNM 
srnm. KACH F AEAHETkI C VALUES * 4.960 E T A  Q.505 ELEVClJ - 35.500 

- c  EYDCEE O.Or,O 

%FEEEN= FILE. 

REFERENCE INFORMATION 
REFS 0.116 S9.FT. 
REFL 0.646 FT.  
REFB 0.405 FT. 
XMRF 0.406 
YHRF 0.050 
ZHRF 0.045 

MSFC 453 FIMC MOO ORB B2W2TlEIRl DEL E-30 RO CS170291 02 JUL 70 PAGE 176 
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SYMBOL CCX;IFIGURATICCI CfSCliIFTICrr 

. X MSFC 4 5 3  H H C  HCC CZS 52UZEl  E Z - 1 5  
c1 USFC 4 5 3  H H C  HCG GES BZWZEl E=-15 

MSFC 4 5 3  HHC HOC: or?3 B2UEl CEL 

NORMAL FORCE COEFFICIENT, CN 
DATA SET DATE HACH NUMBER REFERENCE INFOEHATION 

REFS O . 1 1 6  SQ.FT. (R17O21) 02 JUL 7 0  0.396 
t 6 1 7 0 2 2 )  0 2  JUC 7 0  REFL 0.646 FT. 

REF6 g.405 f f .  18170231  02 JUL 7Ci 
XMRF YMRF O.Ii00 0.406 

ZMRP 0.04s 
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c 
Lr 
U 

B 

- .  

TOTAL DRAG COEFFICIENTS CO 
SYK8oL C C t f F I G U R A l I W  CESCEIFTICW DATA SET DATE MACH NUMBER . REFERENCE INFORHATIOH 

8 MSFC 4 5 3  HYC HOC OEB 6 Z d Z 1  CEL E51 (5!7521) 02 JUL 75 0.396 REFS REFL L1.116 0.646 FT .  .?iP.Fr. 
1 MSFC 4 5 3  HMC HCC ORB 62v2E1 E Z - 1 5  (117G22) 52 JUL 75 
0 MSFC 4 5 3  MHC MCC GE6 BZUZEl  E=-iS (117023) 02 JUL 7 0  R E F 6  0.455 F T .  

XHkf 0.4 56 
YWRF O.55O 
ZWEF C.045 

&fERENCE F I L E .  
. -  
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PITCHING MOMENT COEFFICIENT, CNM 

QFEEENCE FILE. 
.- . 

DATA SET D A T E  MACH NUMGEE REFERENCE INFOEHATION 
(5170211 02 JUL 70  0.336 REFS O.lt6 S4.FT. 
tTl7022) 02 JUL 75 REFL 0.646 FT. 
( T l t O 2 3 )  02 JUL 70 REF6 0.4!35 FT. 

XHEF 0.486 
YWEF 0,008 
ZHRF 0.045 
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1 

r z u 
c z w 
U 

12 
Lr 
Lr w 
Q u 
c z 
W 
t 
0 
f 
t3 z 
3 
0 c 
h 

1 

U 

U 

1 

NORMAL FORCE COEFFICIENT* CN 
SYHWL CCNFIGURA T i m  CESCRIF TIOlJ DATA SET O A T €  HACH NUMBER REFEEENCE INFOEMATION * WSFC 453 HMC H G 2  OR9 5ZWZTlE1 €=OFF (817524) ?2 JUL 70  0.3313 R E F S  0.Z16 SQ.FT. 

X X S F C  4 5 3  HHC XCC 0F.S E Z U Z T l E l R l  E=O (617025)  J? J V L  70 REFL 0.6C6 F T .  
CB173326) 02 JUL 7 0  R E F 8  0.4SS F T .  Q 

0 X S F C  4 5 3  WHC W C i :  CKB 5 t W Z T l E l E l  €=-IS (81702dJ 02 J V L  70 XHRF O.d(o6 

ZHRF 0.045 

WSFC 4 5 3  N H C  HGZ 0 5 5  ~ZWZTlElEl E=-15 

Y WSFC 4 5 3  H M C  s a  oiia ezuzT1Eifi ~ ~ - 3 0  (817029) 02 JUL 7 0  YHkF (i.oL?o 

IWCREHCE FILE. 
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2 
J 
V 

2 

2 
TOTAL DRAG COEFFICIENT, CD 

MACH NUHGER REFERENCE INFORHATJW SWWL COIJFICUkA TIW CESCRIF T l o N  DATA SET DATE 
MSFC 4 5 3  H H C  KW OK3 ZZU2Tl i? l  E = W F  ( 7 1 7 0 2 4 )  ‘32 JUL 70  0.398 REFS REFL 0.116 0.646 FT, S2.FT. 

Z MSFC 4 5 3  HHC MCC CZB SPXZT!EIRl E=o ( 1 1 7 0 2 5 )  0 2  JUL 7 0  REF8 0.405 Ff. 

0 HSFC 4 5 3  EHC HCC CC’S B Z h ’ 2 T : E l R l  E = - I 5  (517528) 02 JUL 7 0  XRRP 0.406 
VHRF 0.gG9 I MSFC 4 5 3  MHC MCC O f 8  2ZuZT1EfR1 Ez-30 XHRF 0.045 

RFERENCE F ILE.  

0 MSFC 4 5 3  HHC HCC OF.2 G?JZT:Elh? E=-15 (717026)  lit JijL 7 0  

(TlIGZJ) 02 JUL 7 0  
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MMC PHASE A STS KfiDIFIEO ORBITER CONTROL EFFECTIVENE,SS TESTS AT MSFC T K  

3 

J u 

3 

PITCHING MOMENT COEFFICIENTs CNM 
DATA SET DATE HACH NUXBEC REFERENCE INFORHATION _ _  

REFS '3.116 SP-FT.  (TJ70241) '32 JUL 7g 0.398 
( T l 7 0 2 5 )  02 JUL 75 REFL 0.646 F T .  
(T17026)  02 JUL 7 0  fEFB 0.405 F f .  

. c ~ i 7 o z a )  02 JUL 70  XMGF 0.4ci6 
(317S23) 52 JUL 70  YMRF 0.05'3 

2HGF 0.G45 

REFESENCE FILE. 
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TESTS AT MSFC T U  

NORMAL FORCE COEFFICIENT. CN . 
SrWEOL CCI~FIGUEATSC~J CEsCRIFTION DATA B T  DATE UICH HUH6ER E F E E E N C E  IHFOEHATICN * U Y C  4 5 3  W C  HCC OCE E2w2TlRl E:WF (C17G24) 66 JUL 7 0  0.797 R E F S  0.116 SQ.FT. 

x HSFC 4 5 3  WHC HCC O R S  tZU2Tlf161 E-rl (C17rl25) G6 JUL 7G WFL 0.646 F T .  
(C175i6) G6 JUL 7G REF6 O.4G5 FT.  0 HSFC 4 5 3  HUC WCC OCB B Z W 2 T l E l t l  E=-15 

0 HSFC 4 5 3  W C  HCC GEE K ? W Z T l E t E l  E:-30 (C170291 G6 JUL 7 0  XWEF 0.1G6 
M 6 F  O.GOG 
ZXfF 0.W5 
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J u 

T ~ T A L  DRAG COEFFICIENT. co 
SYRSOOL CONFItUkATIW CESCRIFTiCPi DATA SET D A T E  HACH NUHEEE EEFEliENCE INFORMATION 

* USFC 4 5 3  HMC HCC GE3 62U2TIR1 E=OFF tU1702.U) 02 JUL 70 G.797 
I KSFC 4 5 3  HNC HCC CBS Etu-ST!EIRI E=O (U17025) 0 2  JUL 75 EEFL 0.646 FT.  

(U17026)  9 2  JUL 7 0  EEFB G.405 FT. a WSFC 4 5 3  HHC HCG GE3 32UZTIElRl E=-15 
fU17029)  02 JUL 70  XHEF 0.406 0 USFC 4 5 3  HUC RCC OR5 82uZTtE1121 ES-30 YHEF 0 . 5 0 0  

ZHkF G.045 

EEFS 0.116 SQ.FT. 

RFERENCE F l u .  
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PITCHING MOMENT COEFFICIENT, CNM 
CWFXGUIATIW CESCRIFTXUi CATA SET D A T E  HACH NUNSEE REFERENCE INFORMATION 

HSFC 4 5 3  MHC UCC 058 B2UZTlRl E:WF (Ui7024) 112 JUL 7 1  0.797 REFS 1.116 SQ.FT. 
HSFC 4 5 3  MHC HCG GE5 GtW2TlElR1 E:O (U17t25) 02 JUL 70 REFL 0.641 F T e .  
RSFC 4 5 3  H H C  MCC GEE BZWETlEIR1 EZ-15 (U1702t )  92 JUL 75 REFB 0.405 FT. 

XHRF G.406 DISFC 4 5 3  MHC ncc G R ~  S ~ Y Z T ~ E ~ E ~  E=-X (U17023) G 2  JUL 75  .. Ynizf 0.9rjg . 
ZWRF 0.045 *. 

f Z F E R E N Q  FILE. 
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NORMAL FORCE COEFFICIENT. CN 5 

SYHSOL C0IIFIGUIATICE.I CE SCR IF 1ICE.I 
8 MSFC 4 5 3  HHC RCG CIEB EEWZT?EIR1 E-0 
X HSFC 0 5 3  HHC XCC ORB EZWtTlE!El E=-15 
o HSFC 4 5 3  HHC n c c  OKB ~ ; L L I Z T : E ~ E !  f-30 

DATA SET DATE KACH HUHEEE YFElENCE IHFOn'HATXON 
( 0 1 7 0 2 5 )  02 JUL 7Ci 0.996 e F S  0.116 5B.Fl. 
( 0 1 7 0 2 6 1  D2 JUL 70 EEFL 0.646 FT. 
(017025) 02 JUL 70 REF8 0.405 FT. 

XWRF 0.456 

%FERENCE FILE.  
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MMC PHASE A STS MODIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC T'k? 
I .Q 

0.9 

0.8 

0 .? 

€4.5 

0.3 

0.2 

0.D 

-0.1 

4 . 2  

-0.3 

-0.4 

-0.5 . . lo .20 .25 .35 .40 . .45 .so 

SYHEOL * 
2 
a 

TOTAL DRAG COEFFICIENT. CD 
CONFIGUi?ATIW CE SCRIFTIW DIT& SET C A E  MACH NUHEEIZ EEFEEENCE 1NFOEWATION 

REFS 0.116 SB.FT. WSFC 453  H%C H C C  GRB SO'rlPTlEIR1 E=O (Y17025) 02 JUL 
7 0  0.906 f E F l  0.646 FY. USFC 453  HHC HCC CEB E2wZTlElRl E=-15 (V17026)  02 JUL 7 0  

HSFC 453  HHC HCC oca BZUZTIEIF.~ E=-30 (V1702J) 512 JUL 70 REFS 0 . 4 0 5  FT. 
XHRf 0 . r 0 6  
YXkP 0.EI00 
Z H f F  0.045 

&FE%NCE f ILE. 
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TESTS AT MSFC TWT 

15 .020 .os0 ,035 .040 . M 5  

PITCHING MOMENT COEFFICIENT. CNM 
SIHWL CCIJFIGURATIUI C E ~ C R I F T I C ~ J  * WSFC 4 5 3  HIIC H W  C S B  E ~ u Z i l E l R l  €85 

]I M S F C  4 S 3  HHC PICC CS3 i 5 u 2 7 1 E l t l  E‘-15 
0 K S F C  4 5 3  HHC HCC OR5 E 2 U 2 T 1 E l i i l  E = - X  

DATA SET D A T E  MACH NUHEER REFERENCE INFORHATION 
( V i 7 0 2 5 )  02  JUL 70 0.996 R E F S  0 .116 S n . F T .  
(V l75261  02 JUL 70 REFL 0 .646  F T .  
(V17029) 02 JUL 75 R E F 6  0 . 4 0 5  F T .  

XHkF 0.406 
YHRF 0.005 
ZHEF 0.045 

REFERENCE F I L E .  
. .  
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w 
u 
U 

HSFC 4 5 3  HHC ECC G5a SZX2TlFZl €=OFF 
X HSFC 4 5 3  HHC HCC OR5 6Zk2TlElRl E = 0  

0 HSFC 4 5 3  MHC HCC CE8 3ZW2TlEIFZl E=-30 
D HSFC 4 5 3  HHC HCC claa 82uZT?ElRl E = - 1 5  

. ~ . krEFEEfENCE FILE. 

NORMAL FORCE CGEfF IC I ENT e CN 
SYW6OL COIFICURATIW CESCFZIFTIW DATA SET D A E  WACH NUMEER REFERENCE INFOEHATI9N 

(E l70Z1)  02 JUL 7 0  1 .I99 REFS 0 . 1 1 6  SQ..FT. 
(E170551 02 JUL 7 5  REFL 0.646 F T .  
(E170tSI 52 JUL 7 0  REFS G . 4 6 5  FT. 
(E17G23) 52 JUL 7!l XYRF 0.406 

YWRF 0.00r3 
ZWRF 0.045 
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7 

7 

-J u 
7 

0 

c 
Z 
W 

u 
U 

U 

I- 
LL 

J 
W 

7 

TOTAL DRAG COEFFICIENT, CD 
SYKSOL C W F I G U I Z A T I W  C E S C R I F T I W  DATA SET G A T E  MACH NUHSER REFERENCE INFORMATION * WSFC 4 5 3  W C  HCC cJR3 SIWtllRl E=WF (W17024) 52  JUL 70 1.194 REFS 0.116 S P . F T .  

X HSFC 4 5 3  X H C  W C  GF.3 5ZU?T!EIR1 E=5 ( U X 7 0 Z S )  52 JUL 75  REFL 0.626 F T .  
0 H S F C  4 5 3  WlC HCC OF.: S Z k ' Z T l E l R l  E:-15 (W17426) $2 JUL 70 REF6 0.405 FT. 
0 WSFC 153 HXC H O C  cr?S 82~2T?ElrtZ E Z - 3 5  (U170ZJ) 02 JUL 70 XHRF 0.406 

YHRF 0.000 
ZHRF 0.G45 

YFERENCE FILE. 
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PITCHING MOMENT COEFFICIENT, CNM 
SYHCOL C W F I G U I A  TIW GESCRIF TICCI DATA SET DATE MACH NUH6ER REFERENCE INFORMATION 

REFS 0 .116  S Q - F T .  
REFL 0.646 F T .  X H S F C  4 5 3  HYC HCC OR3 EZS’T!ElRl E+0 (W1702.5) 02 JUL 70 

(W17026) 02  JUL 70  REFB 0.405 F T .  D MSFC 4 5 3  HHC HCC GEE Ctic2T:ElRl  E = - 1 5  
0 WSFC 4 5 3  X H C  M a  OR8 BEUZTlElRl EZ-39 tU l7029)  0 2  JUL 7 0  XMEF 0 . 4 5 6  

WRF O . G D 0  
ZMRF O.GJS 

8 H S F C  4 5 3  MHC MOr,  GES BZWZTlR1 EZGFF (H17IiZ4) 02  JUL 7 0  1.199 

EEFEEENCE FILE. 
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PHASE A STS YODIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TkT 

U 

h 

NORMAL FORCE COEFFICIENTI CN 
SYHj%OL CWFIGURATICN CESCE IFTICN DATA SET DATE MACH NUUSER REFERENCE 1NFORHATION 

WSFC 453 HHC HOC CG3 StW2TIRl E-WF 

kEfERENCE FILE.  

REFS 0.116 SQ.FT. iF17524) .!2 JUL 70 2.740 
(F17525) J 2  JUL 75 REFL 0 .646  F T .  

EEFB 0 . 4 0 5  FT.  (F17026) 02 JUL 75 
Cf!7527) 02 JUL 70 XHRF 0 A O C  
(F17023) 02 JUL 7 0  YHRF 1.005 

ZXRF 0.045 
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SY'HWL CCIdFf GUZA TICN CE SCR 1 F TIW * H S F C  453  XHC KCC GEB EZWZTlFil 
X WSFC 4 5 3  H Y C  HCS: mi; E Z w 2 T : E l R l  
0 MSFC 4 5 3  MIC XC3: GEE E Z i r Z T ! E l E l  
0 WSFC 4 5 3  H"C HC.2 OR5 S 2 U Z T l E l F . I  
V H S F C  4 5 3  KHC HCC ORB E 2 L i Z T l E l R I  

EEFEEENCE FILE. , 

.20 .30 .35 .4 0 

TOTAL ORAG COEFFICIENT* CD 
DATA SET D A T E  MACH NUHSER REFERENCE TWOEMATION 

E =OFF ( X i 7 0 2 4 )  02 JUL 7 0  2.740 REFS 0 .116 SQ.FT.  
E=$ (X175251 02 JUL 7 5  REFL 0.626 F T .  
E:-15 1x37026)  02 JUL 70  CEFB 0.605 F T .  
EE-35 1x170271 0 2  JUL 7 0  XMRF 0.406 
E =- 30 t X l 7 0 2 9 )  G2 JUL 7 0  YXRP 9.000 

ZHRF G . t 4 5  
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PITCHING MOMENT COEFFICIENT, CNM 
SWEQL COliF I CUR A T I  W CE SCR I F T I  CN DATA SET DATE MACH NUHGER REFERENCE fNF@!?HAT!CN 

8 HSFC 4 5 3  HHC HCC ORQ SZW2TlRl E Z O F F  (X I7024  ) 02 JUL 7 0  2.740 REFS 0.116 Sa.FT. 
REFL 0.646 FT.  X HSFC 4 5 3  HllC K C  GrtB B t u 2 T I E l E l  E = O  [X17025)  0 2  J'JL 7 6  

0 HSFC 4 5 3  HHC H W  OrtB iZuZT1ElR l  E = - 1 5  (X17026)  02 JUL 7 6  REFS 0.405 FT.  
0 HSFC 4 5 3  HHC H C C  ORB 92WETlElli l  E=-30 ( X f 7 0 2 7 )  52  JUL 7 0  XHRF 0.406 
I HSFC 4 5 3  HHC K C C  GRS BZw2i lE lR l  E = - X  tX17023)  G2 JUL 7 0  YHRF 0.000 

ZHEF G. t45  

riEFEXENCE FILE. 
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9 

NORMAL FORCE COEFFICIENT* CN 
STU WL C ~ F  I CUR ATI c(.( CE SCR I F TI CATA SET DATE UACH NUMBER REFERENCE INFORMATION 

REFS 0.116 SQ.FT. 
I USFC 4 5 3  HHC HCC @6E EZwZTIElE1 E Z - 1 5  (617C26) Ii2 JUl 70 REFL 0.646 FT. 
0 HSFC 4 5 3  HHC HCC OR8 EZU2T?ElRl E=-15 (Gl752S) 02 JUL 70 REF6 0.41iS FT. 

XHRF 0.4D6 0 MSFC 4 5 3  HHC HCC GEE EZW2T:EiRl E=-3'J (617027) 52 JUL 79 
I nsFc 4 5 3  HHC xclc GRS e 2 ~ 2 ~ 1 ~ 1 ~ 1  E=-30 ( 6 1 1 0 2 3 )  02 JUL 7 0  YHRF 0.000 

ZHRF 0.045 

* XSFC 4 5 3  HHC HW GRB E Z U Z T I E I I I  f='J ( 6 1 7 0 2 5 )  02 IUL 7 0  3 . 4 7 5  

CSFE'ERENCE FILE. 
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a 

J 
0 

+ 
Z w 
L) 
H 

W 

TOTAL DRAG COEFFICIENT* CD 
STHWL CmF I GURAIICC( DE SCR I F TICN D I T A  SET D A T E  HACH NUMEEE REFERENCE I N F O E H I T I O N  

R E F S  0.1!6 SQ.FT. * MSFC 4 5 3  HMC H C C  CX6 52WtTlElE1 E r g  (111025)  ?2 JUL 
70 1.473 REFL 0.646 FT. X MSFC 4 5 3  HHC HCO CR3 ~ & ' 2 : ? E I % l  E=-15 (Y17026) 32 JlJL 75 

0 H S F C  4 5 3  HHC HCC GKS s2W2TlE!i?1 E=-15 (Y17'328) 02 J I L  70  CEFB 0.455 FT.  
0 MSFC 4 5 3  l!HC KCC Grig BZ'JtTIE!EZt EZ-30 (r17027) 02 JUL 70 XMRF 'IHRF 0 .050  0.406 
1 HSFC 4 5 3  HHC HC(: OiiE 22WZTlElItl EZ-30 tY17023)  52  JUL 7 1  

ZHRF 0.045 

REFERENCE FILE. 
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J u 

.c 
lL 

J 
H 

a 

3 

PITCHING MOMENT COEFFICIENTS CNM 
MACH NUMBER REFERENCE INFQRMATION SYHWL Ka4FIGURATXW CE SCR IF TIC(( DATA SET DATE 

RSF€ 4 5 3  HMC K C C  W3 5PWPTIE1Rl E=5 (137025 02 JUL T O  3.475 REFS 0.116 S J . F T .  
x asrc 4 5 3  HNC HCG GES 6zwtT iE iR i  E = - I ~  (ti7026) 02 JUL 75  kEFL 0.646 FT. 

REF6 0.403 FT.  Q LSFC 4 5 3  HMC HCC C K i  SZW2TlElRl E=-15 (117028)  02 JUL 7G 
0 l o S C  4 5 3  KHC MCC CRE; GZu2T!EfFil Ez-35 (117027)  02 JUL 7 0  XHRF O.4!36 
I . KSFC 453  WHC HCG CKS E Z Y 2 T 1 E l I Z l  ES-30 (Y17029) 02  JUL 7 0  YHRF 0.050 

Z#liF 0.045 

. EEFEEENCE F I L E .  
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MMC PHASE A STS MODIFIED ORBITER CONTROL EFFXTIYENESS TESTS AT MSFC TWT 

t 

NORMAL FORCE COEFFICIENT, CN 
SIHEOL CUiFI CL'RA TIc1f CE SCk I F TI ON DATA SET D A T E  HACH NUHEER PEFEEENCE INFOEEATlW * WSFC 4 5 3  HMC KCC G 3  EZUZTlRl €=OFF (H I70241  I12 JUL 7 0  4.960 EEFS 0.116 SB.FT. 

X W S C  4 5 3  HXC HCC CE5 EZUETlElEl E=5 (H i70251  02  JUL 7 5  EEfL 0 .6<6  FT. 
0 WSFC 4 5 3  HHC H a  GZ3 S Z L i Z T l E I R l  E=-15 CHI70261 02 JUL 7 0  CEFB 0.405 FT. 
0 HSFC 4 5 3  MMC KCC G . 3  62WZTlElRI E Z - 3 5  (H17027)  I12 IUL 7 0  XMfiF 0.456 
I W5FC 4 5 3  HHC KCO G B  I2UZTlE1Pl E=-30 CHI7G23) 02 JUL 75  W l i F  0 ,055  

ZUEF G.045 

EFECENCE F I LE. 
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TOTAL DRAG COEFFICIENTI CD 
SWWL CONFXGURATIC(J CESCRIFTICCJ DATA SET D A T E  XACX NUXBER REFERENCE INFORHATION 

H S F C  4 5 3  HHC HOC C E S  E h i Z T I R !  €=OFF 
X H S F C  4 5 3  HMC HOC G E i  G i W Z T l E l R l  E=5 
B H S F C  4 5 3  HHC HCC 053 E Z X Z T ~ E l R l  E = - 1 5  
0 MSFC 4 5 3  HHC MX Cr,S S&Z:?ElR1  €2-35 
1 H S F C  4 5 3  HHC HCC CRi: 2 Z U 2 i l E l F ( l  E=-3O 

(2170241 02 JUL 70 4.960 R E F S  0 . 1 1 6  SQ.FT. 
(217025)  02 JUL 7 5  REFL 9 . 6 4 6  F T . ,  
(217026)  02 JUL 75 R E F 6  0.405 F T .  
1 2 1 7 0 2 7 )  02 JUL 76  XKRF 0,456 
(217029) 02 JUL 7 1  YXFiF Cl.OgG 

2HBF 0.045 

EEFERENQ FILE. 

PAGE 199 

ill!- .... ! 



J u 
0 

L 

PITCHING MOMENT COEFFICIENTS CNM 
SIHSOL C W F I C U R A T I W  C E S C R I F T I O N  CATA SET DhlE UACH NUM6ER REFERENCE INFORHATiON 

(Z17g24)  02 JUL 70 4.960 REFS 0 . l I 6  S B . F T .  
( 2 1 7 5 2 5 )  02 JUL 70 REFL 0 . 6 4 6  F T .  
(217526)  02 JUL 7 0  REF6 0.455 F T .  
( 2 1 7 5 2 7 )  02 JUL 70 XHGF 0.406 
(217029) 02 J U L  75 YMGF 0.050 

ZURF 0.045 

eFERENCE FILE. 
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